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a family of 366 fluorescent fittings 


The Atlas Atlantic range gives a choice of lighting 
fittings for industrial, commercial or general purposes. 
One basic chassis in 8 ft., 5 ft., 4ft. and 2 ft. sizes for 
single, twin or multiple tubes, uses bi-pin spring-loaded 
lamp holders and enclosed switch- or quick-start gear. 
There are a number of interchangeable and easily detach- 
able reflectors and diffusers, and suspension can be fixed 
or adjustable. This degree of standardization simplifies 
installation and facilitates change of layout. Maintenance is 
easy, efficiency and quality are high and prices competitive. 


TLA> LIGHTING LIMITED A subsidiary company of Thorn Electrical Industries Ltd. 233 SHAFTESBURY AVENUE LONDON WC2 
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In Stamford..... 


4 
3 
' 
4 

3 
Fs 

: 
x 


STAFFS. 





The introduction of modern fluores- 
cent lighting in this old world town 
of Stamford has been very satisfac- 
torily achieved by the use of Revo 
C.13740 lanterns mounted horizon- 
tally on the walls of buildings. 


TIPTON, 





Photograph by permission of C. W. Potter, Es3., Borough Engineer and Surveyor. 


and Southampton... 


LIMITED, 


“The Avenue’’ at Southampton is 
now illuminated by 68-Revo C.13660 
cut-off lanterns, using 140-watt 
sodium lamps and producing a con- 
siderably improved scheme at a 
saving of approximately half the 
running costs of the old installation. 


co. 






> é : “ 
Photograph by permission of F. L. Wooldridge, Esq., M.1.C.E., M.I.Mun.E. 
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lights the way 


. . and in countless other towns and cities, throughout the world, Revo 
equipment has been specified for some of the most important street lighting 
installations. Send us YOUR enquiries—we shall be pleased to help you. 
Branches at ° LONDON * GLASGOW: MANCHESTER * LEEDS * CARDIFF - NEWCASTLE ON TYNE * BELFAST * DUBLIN 
Manufacturers of Electric Cookers * Domestic Appliances * Switch and Fuse Gear * Fans * Public & Industrial Lighting Equipment 
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Close of an Epoch 


T would be strange if we could take up the editorial pen this month without 

a special feeling of satisfaction. With this issue the fiftieth volume of our jour- 
nal is completed. It is understandable that, on this account, we should introduce 
it with something of that pleasurable sense of achievement which elates not only 
the successful athlete and the record-breaker but also those who have a long record 
of good service to their credit. Like other journals, ours has had its vicissitudes, 
but we hope our readers will agree that it is now in its prime. In the Golden 
Jubilee number, to be published next month, the progress of the lighting art and 
of lighting practice during the half century now drawing to its close will be re- 
viewed. It has been the function and privilege of Light and Lighting to report 
this progress in detail while it was happening, and the journal will continue to 
keep its readers well informed in the future. It is, of course, to the interest and 
practical support of subscribers and advertisers that this journal—like others— 
owes its continuance. This is-a fitting occasion on which to express our thanks 
to these supporters, to whom we have tried to give good service, as well as to the 
many contributors whose articles and notes have been published in our pages. 
With these thanks we couple good wishes for enjoyment of the approaching annual 
festival of goodwill. 
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Notes and News 


WeE recently sent a questionnaire to some 200 of 
our readers who were selected quite at random 
irrespective of who they were, what they did or where 
in the world they lived. The object of the question- 
naire was to find out whether we are giving readers 
the kind of thing they want and in which way we 
could improve our service. 

We would like first to thank all those who con- 
tributed to this public opinion poll. We received a 
lot of compliments which we were not seeking— 
though they were none the less pleasing—but we 
also received some very useful criticism and comment 
all of which we intend to consider most carefully and 
some of which we have already incorporated into our 
plans for the future. Many who completed the ques- 
tionnaire went to considerable trouble for which we 
are grateful. 

Apart from suggestions on editorial content some 
most interesting information came out of the replies. 
For example we find that less than 30 per cent. of 
our readers can be described as being in the lighting 
industry and over 70 per cent. are people who want to 
keep up-to-date with lighting developments and appli- 
cation. Another interesting fact is that on the average 
every copy of Light and Lighting is read by seven 
people. We present these facts as facts though some 
one with a greater aptitude than us for publicity 
could no doubt make something very useful out of 
them. 

Of the comments on editorial content the most 
common one was a desire for more information on 
new products, particularly technical details of new 
fittings. This is something we intend to pursue. We 
are, of course, largely dependent on the manufac- 
turers to give us the information we want and strange 
though it may seem they are not always aware of the 
facility we offer them to announce their wares to the 
people who are so anxious to know about them. 
Many manufacturers, quite properly, regard a “ men- 
tion” as publicity for themselves; our policy has 
always been to put service to the reader first. We do 
not confuse editorial mention with advertising; if a 
manufacturer has something new which will interest 
readers we will say so—provided the manufacturer 
gives us the information readers want. We want to 
serve both the industry and readers and we think we 
do it better than most trade and technical journals. 

As for the advertisements we carry, many who 
replied to our questionnaire mentioned the value of 


these. One of the advantages of Light and Lighting 
is that it does not carry an overwhelming number of 
advertisement pages so that the ads. are as much a 
part of the journal as the editorial pages. It is our 
intention to continue this policy for even if we 
managed to double the amount of advertising we are 
so full of ideas for editorial that the balance would 
still be preserved. 


Association Belge de l’Eclairage 
Public 


The first Conference of the Association Belge de 
l’Eclairage Public took place in Brussels recently 
under the presidency of M. Andre Boereboom and 
was opened by the Minister of Public Works. This 
new association now has a membership of over 200 
and is already doing useful work in improving street 
lighting in Belgium, particularly amongst the smaller 
authorities. 

M. Boereboom in his presidential address, and 
other speakers during the two-day meeting, referred 
to the difficulties faced by the smaller authorities who 
until recently had no central source to whom they 
could apply for guidance and information which is 
now one of the functions being undertaken by the 
ABEP. The cost of sireet lighting naturally came 
into the discussions and M. Jules Schreder put for- 
ward some ideas for increasing spacing which would 
reduce both capital and running costs; he also stressed 
the importance of planned maintenance schemes and 
group replacement of lamps. Other papers dealt with 
the Belgian street lighting code, the lighting of public 
buildings and collaboration between neighbouring 
authorities to secure some measure of uniformity in 
lighting. 

As a meeting of the CIE Working Committee on 
street lighting had been arranged in Brussels at the 
same time, a number of overseas visitors were able to 
be present and take part in the discussions. 


50 Up 


This issue brings us to the end of another volume 
and completes our half-century. Our next issue will 
be a special one to commemorate our Golden Jubilee. 
As a result, Mr. Penny’s review of the past year. 
which is usually the main feature of the January issue. 
will be held over until February. 
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As the main feature in this issue is concerned with 
fluorescent lamps we thought we would show by way 
cf contrast in our frontispiece something which even 
the fluorescent lamp cannot do. 
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FLUORESCENT TUBE GUIDE 


By W. A. R. Stoyle, B.Sc.,A.M.LEE., and A. G. Brown, Dip.M.LE.S. 


Many papers and articles have been published on filvorescent tubes, circuits, auxiliary gear and their 
general and specialised application. Much of the value of this material, however, is lost because of the diifi- 
culty of referring to so many publications. An attempt to summarise the many and varied aspects of this 
subject was made in a paper presented to the Illuminating Engineering Society in 1949, but the information 
contained in that paper is, inevitably, now out of date. This articie has therefore been prepared to fill the 
need for a review of existing theory and practice. In order to make the article of value to the “ newcomer ” 
to fluorescent lighting as well as to the practised “ hand,” some of the fundamental information contained 
in the original paper has been included. 

The electrical contractor and lighting engineer have a difficult task in keeping abreast of the rapid technical 
advances in fluorescent lighting. The wide range of tube sizes, wattages and colours in combination with 
a multiplicity of circuits and an ever increasing variety of associated auxiliary gear may well confuse even 
the specialist. This “ guide ” is intended as a factual survey and it avoids those points of controversy which 
inevitably accompany any new “art,” as the practice of fluorescent lighting certainly is. The subject divides 
itself naturally into three main parts: (1) tubes, (2) circuits and (3) testing and maintenance. A reasonable 
knowledge of the first two is more than helpful in the practice of the third. 

Whilst every effort has been made to provide data in accordance with the most recent information available 
from different manufacturers, it must be pointed out that changes, particularly in regard to the light output 
of tubes, are continually being made. 


PART 1: THE FLUORESCENT TUBULAR LAMP 


(1) Construction of the Fluorescent Tube 
The fluorescent tube consists essentially of a clear glass 


(2) Operation of the Fluorescent Tube 
The chief characteristic of a low-pressure discharge is 





tube with electrodes sealed into the ends, the tube being 
coated internally with a fluorescent powder. The electrodes 
generally consist of a coiled filament similar to those used in 
ordinary tungsten lamps, coated with a mixture of rare- 
earth oxides to provide a copious electron emission under 
operating conditions. These electrodes may, in some cases, 
have small metal plates in close juxtaposition which act as 
anodes on alternate half cycles, but in others the lead-in- 
wires act as anodes. Fig. 1 shows the electrode construction 
in a typical 5 ft, 80-watt tube. 

The tube is filled with a very low pressure of mercury 
and a small amount of argon to facilitate starting. The 
design of the tube is such that wall operating temperature 
is well below a value which would result in any physical 
or chemical change in the fluorescent coating. 

Since the electrodes generally require preheating before 
the lamp strikes, beth ends of each electrode are connected 
to double contact caps, bayonet or bi-pin caps being used 
for the 8 ft. 125-watt and 5 ft. 80-watt tubes and bi-pin caps 
for 4 ft. 40-watt and smaller tubes. 

Mr. Stoyle is with the General Electric Co. Ltd., and Mr. Brown is with Philips 
Electrical Ltd. 


that a considerable part of the radiated energy, actually 
about 50 per cent. of the wattage input to the tube, is 
emitted at a wavelength of 2,537 Angstrom units. Some of 
this radiation is converted into visible, continuous radiation 
by the fluorescent coating, the remainder emerging as heat, 
conducted, convected or radiated. The proportion of ultra- 
violet energy converted into visible radiation depends on the 
converting “ efficiency ” of the particular “ phosphor ” used. 
Fig. 2 shows the manner in which the input energy of a 
typical 80-watt tube is dissipated. 

The efficiency of generation of ultra-violet radiation at 
2,537 A has an optimum value at a relatively low current 
density, which means that in a tube of say 14 in. diameter, 
the tube current, tube wattage and hence total luminous out- 
put is somewhat restricted. Even at such a low current, 
however, the wattage dissipated in a given tube could be 
increased by using very long tubes but here a restriction is 
imposed by the available supply voltage. The choice of 
dimensions of commercially available tubes is, therefore, a 
compromise between the various factors mentioned above. 

In a fluorescent tube, part of the input energy is dissi- 
pated in the electrodes, the remainder being dissipated in 
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MIN: 
the discharge itself, the latter being sesponsible for the 
luminous radiation ultimately emitted. Increase in the length 
of a fluorescent tube will thus increase the ratio of arc watts 
, ; to total watts and hence the overall efficiency will be in- 
Fig. 1. Electrode construction. creased, but here again, we are limited by the voltage of the 
supply mains. 

The particular colour of the light emitted by the fluores- 
cent tube is largely dependent on the particular phosphor 
employed. Up to 1947 a substantially white light was pro- 

ENERGY duced from a mixture of phosphors but the development of 
<< the calcium halophosphates provided a range of “near 
vicat white” colours of much enhanced efficiency and improved 
heir — Input » Eileen lumen maintenance in a single powder. Apart from these 
¢~ Light 15 watts “near white” tubes it has not been possible so far to pro- 
liffi- ay [[_vitra-violet 48 watts | heat 30-Swatts | duce a very saturated colour; such tubes generally incor- 
this f . a, -% porate a coloured pigment in addition to the phosphor. 
. Energy [riéwatts] 32watts |  32watts | 
tion Output lL 
‘ Light Radiated heat Convected and (3) The Range of Fluorescent Tubes 
we ; ea : erase (3.1) Standard Tubes 
er reat oe ee ae ee a A large variety of standard fluorescent tubes are avail- 
ined . able from the 8 ft. 125-watt down to the 18 in. 15-watt, 
details and dimensions of which are shown in Table 1. These 
are available in various colours as indicated in Table 2(a). 
ical 150 All 18- and 24-in. tubes may be operated singly on 
with RS \| {> 100/130 volt supplies or two in series on 200/250 volts. In 
‘s od [7 addition, the 18 in. 15-watt and 24 in. 20-watt tubes may 
ven &, | {> be operated singly on 200/250 volts in suitable circuits, but 
hich RQ 50 US operation of 24 in. 40-watt tubes singly on 200/250 volts 
‘ Q« en aa is not recommended because of the large choke which would 
ides LAS ea be necessary and its high wattage loss. 
able | __TRS : Z| All the straight tubes, with the exception of the special 
SEAL 7 internally striped tube, may also be obtained with an ex- 
\S a ternal “ silicone” finish or external metal stripe for use on 


able 9 Yj 0 SAD instant start circuits as described in Part 2. 
tput 7 \ QO} Miniature tubes, details of which are given in Table 2(b), 
CX 7] 100 \\ RY are also available for special applications. 


(? lad C) (3.2) Reflector Type Fluorescent Tubes (Type MCFR/U) 
</ > Reflector type tubes are at present made in two ratings, 
4 ft. 40-watt and 5 ft. 80-watt In these tubes a thin layer of 
‘2 titanium dioxide extends over about two-thirds of the 
internal circumference of the tube, the fluorescent coating 









































250 being subsequently applied. This arrangement gives a con- 
siderable increase in downward light as indicated in the 
Fig. 3. Polar diagram for 40-watt reflector type polar diagram in Fig. 3. The ratio of brightness of the 
tube MCFR|U (Natural colour) showing candelas “ window ” to the reflecting surface of the tube is about 6:1 
7" per 1,000 lumens total flux. and the absorption of the reflecting coating is about 10 
ually 
e, is 
re of Table 1 
ation Dimensions of fluorescent tubes 
| Tube (wattage) ma | «© | » | % 40 30 40 20 15 
n the Nominal Overall | | 
used. | Length (inches) | 960.25 60 60+0.25 PA i ed ed 
of a | Diameter (mm.) 3841.5 | 26+1 3841.5 | 26t1 | 38415 | 2+t1 | 3841.5 | 3841.5 | 2641 
| Cap BC Bi-pin BC Bi-pin | Bi-pin | Bi-pin | Bi-pin | Bi-pin | Bi-pin 
yn at | Length, including pins | | | 
irrent at both ends (max.) — 59.615 _ 59.615 | 47% | 35% | 2398 | 23% 17% 
neter, (inches) | | | | 
3 out- | Length, including pins —- 59.24 _ 59.24 | 474+ | 354+ | 234+ | 234+ | 174+ 
rrent, | at one end only min. | min | O-& | O-& O-% | O-#%# | 0-4 
Id be (inches) | §9.335 59.335 | | | | 
jon Is | | max. max. | 
ce of _ Length, excluding pins | 
aes | (max,) (inches) _ $9055 |  — 59.055 47 gy 35 wa 23 ws 23 ¥5 Wi | 
bove. ae om a 
dissi- * Now also available with biepin caps, overall length 94,06 ins, 


ed in Cc 
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Table 2(a) 
Nominal efficiencies and average life of fluorescent tubes 
Efficiency Light output Approx. 
Lm;W (lumens) Brightness Average 
Tube Colour — — (Candelas Life 
Rating Initial Average Initial Average per sq. in.) (hours) 
(100 hours) _ through- (100 hours) through- (100 hours) 
out life out life 
8 ft. | Daylight 61 54 7,625 6,750 | 5,000 
125-watt Natural 51 43 6,375 5,375 4.8 : 
Warm White 63 56 7,875 7,000 5.9 
White 64 57 8,000 7,125 6.0 
5 ft. | Daylight 57 51 4,560 4,080 54 5,000 
80-watt | Natural 46 40 3,680 3,200 4.6 me 
| Deluxe Warm White 40 33 3,200 2,640 4.0 ‘ 
| Warm White 59 53 4,720 4,240 5.9 9 
White 60 54 4,800 4,320 6.0 
| Colour Matching 44 38 3,520 3,040 4.4 - 
Sft. | Natural 48 41 2,400 2,050 4.2 5,000 
50-watt 
4 ft. Daylight 61 55 2,440 2,200 3.6 5,000 
40-watt Natural 48 42 1,920 1,680 3.0 me 
Deluxe Warm White 42 36 1,680 1,440 2.6 
Warm White 63 57 2,520 2,280 3.9 
White 64 58 2,560 2,320 3.9 
Colour Matching 46 40 1,840 1,600 2.8 
3 ft. Daylight 57 49 1,710 1,470 SZ 5,000 
30-watt Natural 46 39 1,380 1,170 4.2 o 
Deluxe Warm White 40 32 1,200 960 39 Mi 
Warm White 59 51 1,770 1,530 5.4 x 
White 60 52 1,800 1,560 5.5 am 
Colour Matching 43 | 36 1,290 1,080 3.9 - 
2 ft. Daylight Lies by 1,560 1,320 5.2 5,000 
40-watt Natural 33 27 1,320 1,080 4.4 Se 
Deluxe Warm White 2 | 19 | 1,040 760 3.4 id 
Warm White 42 | 34 1,680 1,360 5.6 
White 42 34 1,680 1,360 5.6 
2 ft. Daylight 45 40 900 800 3.0 5,0C0 
20-watt Natural 38 32 760 640 25 
Deluxe Warm White 31 23 620 460 2.1 
Warm White 50 45 1,000 900 33 
White 50 45 1,000 900 3.3 
Colour Matching 36 31 720 620 2.4 os 
18 in. Daylight er aa | 555 4.5 5,000 
15-watt Natural 35 28 525 420 3.6 fy 
| Deluxe Warm White 30 22 450 330 3.1 
| Warm White 44 | 36 660 540 4.5 se 
| White o- | 630 510 4.3 ‘ 
Colour Matching 31 25 465 375 32 - 
Circle Deluxe Warm White 40 32 1,600 1,280 2.6 2,500 
40-watt | 
5 ft. Red 4 - 0.2 5,000 
80-watt Yellow 30 - — 2.4 
Green 50 - - — 5.6 " 
Blue 14 1.4 <i 


* Daylight’ is also specified as ‘Cool White’ and ‘ Natural’ as ‘Warm White.’ 
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Table 2(b) 
Miniature fluorescent tubes geev oe Sul ; 
| ae Nominal : 
Class and | = Initial Nominal 
Rating | Colour Efficiency, = Diameter | Cap 
Lm/w —— 
| Y inches | 
MCF/U Warm White | 25 6 bi Miniature 
4-watt Cool White | 23 " Bi-pin | 
MCF/U | Warm White | 38 ‘ bi Miniature | 
6-watt | Cool White 35 | ~ Bi-pin 
MCF/U_ | Warm White | 46 2 5 Miniature 
8-watt Cool White 4I - Bi-pin | 
Raabe RE cial ee Ee en et 
Table 3 
ar iy ae Characteristics of reflector tubes MU ee eer eon 
| a Approximate | 
Tube | : A eee. Ca Total flux Max. 
Rating | Colour (lumens) Intensity 
| Gap Reflector | ——— (Candelas) 
| ife 
4 ft. 40-watt Daylight | 7.1 | 1.3 1,830 390 
5 ft. 80-watt | Daylight (ae Po eee 625 
5 ft. 80-watt | Warm White | 11.8 2.1 | 3,810 650 
: : ee Fe L re nae = ane 





il 





403+ 8mm. 


Fig. 4. 40-watt circular fluorescent tube. 





ig. 5. 





Cap for internal striped tube type MCFB/U, 


per cent. Dimensions and electrical characteristics are 
identical with standard tubes. 

General technical data on 4 ft. 40-watt and 5 ft. 80-watt 
reflector tubes are given in Table 3. 

These reflector tubes are primarily intended for simple 
fittings of the batten type. Their use tends to reduce main- 
tenance costs as the efficiency of the internal reflector is 
maintained despite the presence of dust and dirt on the upper 
surface of the tube. 


(3.3) Circular Fluorescent Tubes 

Designed for decorative as well as utilitarian appea!, the 
40-watt circular fluorescent tube has similar electrical char- 
acteristics to the straight 40-watt tube but is some 4} in. 
less in diameter. Dimensional details are shown in Fig 4; 
the gap between the ends of the lamp is filled by a special 
4-pin plastic cap thus completely closing the circle. This 
lamp is available in only one colour (Deluxe Warm White) 
as its principal application is in the domestic or commercial 
sphere. The initial efficiency is 40 lumens per watt and the 
average efficiency throughout life is 32 lumens per watt. 
The tube is siliconed for instant start purposes and may be 
operated on the normal type of circuit or with a tungsten 
filament lamp as ballast, as described in Section (10). The 
rated average life is 2,500 hours. 

A 32-watt circular tube with a diameter of 12 inches and 
using a similar cap is also available. 
(3.4) Cold Starting Fluorescent Tubes 

Designed for operating in series with a tungsten ballast 
lamp without any auxiliary gear, “cold starting” tubes 
employing an internal conducting starting stripe known as 
type MCFB/U are available in the 4 ft, 40-watt rating. The 
internal stripe may be connected to one electrode, or alter- 
natively two stripes may be connected one to each electrode 
separated by a small gap across whick ionisation of the gas 
occurs at starting. Such lamps are generally fitted with a 
special type of insulated cap to minimise the possibility of 
electric shock if one cap is inserted into a “live” fitting 
when the other end is held in the hand. Such a cap is shown 
in Fig 5. 

The average life of the “cold staiung” tube will, 
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natu ‘ally, be less than the normal tube started by pre-heat 
methods. In addition, due to the inevitable wattage loss in 
the internal stripe, the luminous efficiency is somewhat below 
that of the standard type of tube. 


(4) Characteristics of the Fluorescent Tube 

The principal factors with which the maintenance engi- 
neer is concerned are life and light output and (since these 
depend on the tube being operated at its correct wattage) 
its electrical characteristics. In this section these and other 
subsidiary characteristics are described. 


(4.1) Luminous Output and Efficiency 

The light output of a fluorescent tube decreases during 
life for a variety of reasons. Principal amongst these are 
the deposition of a film of mercury on the fluorescent coating 
and direct chemical attack. 

During the first 100 hours or so the light output falls 
off more rapidly but after this initial drop the decline is 
gradual. (At the end of normal rated life the light output 
is still some three to four times that of a filament lamp of 
equivalent wattage.) The relationship between efficiency and 
life for a typical 5 ft. 80-watt tube is shown in Fig. 6. The 
shape of the maintenance curve is such that the “average 
value throughout life’ can be taken as the actual values at 
2,000 hours, assuming an objective average life of 5,000 
hours. The fall in light output is not generally accompanied 
by any noticeable change in the colour of the light. 

“ Initial efficiencies are always quoted at 100 hours for 
the reasons stated above, but for service and design calcula- 
tions the average throughout life figure is generally taken. 
Table 2 indicates the initial and average throughout life 
efficiency and lumen output for the complete range of 
standard fluorescent tubes. 


(4.2) Life 

Apart from accidental failures such as glass cracks, etc., 
the ultimate failure of the tube is caused by exhaustion of 
the electron emissive material with which the filamentary 
electrodes are coated, this material being progressively dis- 
integrated throughout life. A very slight momentary loss 
occurs each time the tube is switched on; thus the number 
of switchings during the life of a tube has some influence 
on its life. However, the rated average life should easily be 
achieved with an average of three to four hours per switch, 
but if this number of switchings is greatly exceeded a shorter 
life may result. 

The present rated average life of the fluorescent tubes 
shown in Table 2 is 5,000 hours with the exception of the 
40-watt circular tube which is 2,500 hours. These values 
refer to operation on alternating current circuits, but on 
direct current the life should not be substantially less pro- 
vided polarity reversal is employed. Great advances in the 
uniformity in life of fluorescent tubes have been made in 
recent years. 

Throughout the life of the tube the gradual disintegration 
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LIGHT OUTPUT—PER CENT. OF 
AVERAGE VALUE THROUGH LIFE 








20 40 60 80 100 
PER CENT. OF NORMAL LIFE 
Fig.6. Typical light maintenance curve for a 
fluorescent tube. 
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Fig. 7. Fluorescent tube current and voltage wave- 
forms on 50 cycle supply. 


of the electrode coating generally causes slight blackening 
over one or two inches at the ends. Premature or excessive 
end blackening is generally due to abnormal operating 
conditions the reasons for which are discussed fully in 
Section (19). 


(4.3) Electrical Characteristics 

Once the tube has started the voltage across it should 
not be much more than about 50 per cent. of the mains 
voltage. If this ratio is materially exceeded unstable operation 
will result. The approximate values of starting and running 
currents and tube voltages are given in Table 4. 

The data in Table 4 refer primarily to tubes operated 
in inductive circuits but when operated in the capacitive 
circuit described in Section (9.2) the starting current is sub- 
stantially the same as the normal running current. 

The current through the tube itself is sensibly in phase 
with the applied voltage but, because the voltage wave form 
is distorted, the power factor of the tube alone to only about 
0.9. The reason for this distortion is that the discharge 
current during each half cycle does not commence until the 
voltage has risen to a certain value (the striking voltage) 
and ceases to flow before the voltage falls to zero (the 
extinction voltage). An oscillogram of voltage and current 
is shown in Fig. 7. 

The wattage in a fluorescent tube is thus the product of 


Table 4 . 
Electrical characteristics of fluorescent tubes 
8ft. | Sit. Sft. | 4ft. | 4ft.40-watt| 2 ft. 3ft. | 2ft. «| 18 ins. 
Lamp | 125-watt | 80-watt | 50-watt | 40-watt (MCFB/U)*) 40-watt | 30-watt | 20-watt | 15-watt | 
Approx Tube | | 
Starting Current (amps) | 1.0 -1.6° 1.0 1.6 0.5 0.75 0.5 0.75 1.0 1.6 0.4 0.65! 0.40.7 |0.4— 0.65 
Approx. Tube 
Running Current (amps) 0.91 0.85 0.41 0.41 0.5 0.88 0.34 0.35 0.3 








Approx. Tube Volts 


* [nternal metal striped tube for tungsten ballast operation. 
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Table 5 


Approximate mains current when power factor is corrected by 
means of the recommended capacitor 


Lamp Circuit Approximate | 
current (amps.) 
8 ft. 125-watt Single lamp 0.8 | 
5 ft. 80-watt Single lamp | 0.5 
Twin lamp 0.8 
4ft. 40-watt Single lamp. Inductive 0.25 
Twin lamp 0.4 | 
3 ft. 30-watt Single lamp. Inductive 0.18 | 
Twin lamp 0.33 
2 ft.  40-watt Two-in-Series 0.5 
2 ft.  20-watt Two-in-Series 0.25 
Single 0.15 
1} ft. 15-watt Two-in-Series 0.18 | 


Single 0.12 
tube current, tube voltage and tube power factor, e.g., taking 
the values for an 80-watt tube given in Table 4 

0.85 x 105 x 0.9 = 80 
Table 4 also shows that for operation from 200/250-volt 
mains, lamps of 3 ft. and above can only be operated singly 
but 18-inch and 24-inch lamps may be operated two in series. 


(4.4) Power Factor 

The use of an inductance (choke) in series with the dis- 
charge introduces a lagging power factor into the circuit, 
the combined power factor of the tube and choke being 
about 0.5. Using a suitable capacitor, connected across the 
supply mains (and not across the tube itself), the power 
factor of the circuit can be raised to 0.9 but by the use 
of the “twin tube” circuit described in Section (7) practic- 
ally unity PF can be achieved. 

Values of capacitors for both parallel and series correc- 
tion are discussed in Section (11). Table 5 shows the approxi- 
mate mains currents for various tubes and circuit arrange- 
ments. 


(4.5) The Effect of Mains Voltage Variation 

When a metal filament lamp is operated at more than 
the designed voltage both the total light emitted and the 
wattage consumed increases, though at the expense of life. 
As the light emitted by the lamp increases at a greater rate 
than the wattage the efficiency in lumens per watt also 
increases. 

With the fluorescent tube, however, an increase in the 
mains voltage results in an increase in total lumens and in 
wattage consumed, but as the wattage increases at a greater 
rate than the light output, the efficiency in lumens per watt 
actually decreases because at the higher current density 
the short-wave ultra-violet radiation (2537 A) is produced 
less efficiently. 

The light “regulation * of the fluorescent tube with vary- 
ing mains voltage is considerably better than that of a meial 
filament lamp. With the latter, a 1 per cent. change in 
mains voltage results in about a 3} per cent. change in 
light: output. In the fluoresecent tube, however, a 1 per 
cent. change in mains voltage only results in approximately 
a1 ner cent, change in light output (see Fig. 8). 

he general etfect of under-volting is decreased light out- 
put ind, if severe, uncertain starting. Considerable under- 
runr ing will also reduce the life since the reduced current 
Isnt then sufficient to maintain the electrodes at their 
desi, 1ed operating temperature. The effect of over-volting 
Is, © course, to overload the tube and its auxiliary equip- 
men Clearly, therefore, to ensure correct and satisfactory 
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Fig. 8. Variation of tube characteristics with applied voltage. 
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Fig. 9. Variation in light intensity during a cycle of alternating 


current. (Marked time interval—1/100 second.) 


operation of the tube, the auxiliary equipment must be suited 
to the particular mains voltage concerned. 

Unlike filament lamps, there is no well established rela- 
tionship between mains voltage and life with fluorescent 
tubes, but as a rough guide it can be assumed that an increase 
in mains voltage of 6 per cent. will reduce the life by about 
15 per cent., and conversely a reduction of 6 per cent. in 
mains voltage will increase the life by some 15 per cent., 
provided, of course, that this reduction does not affect 
the satisfactory starting of the tube. 


(4.6) Stroboscopic Effect 

All discharge lamps operating in conventional circuit: 
and on alternating current have a non-uniform light output 
as the light drops almost to zero with each half-cycle, thus 
causing a periodic flicker, which is more noticeable at lower 
frequencies. The periodicity of this flicker will, of course. 
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be double that of the supply frequency The persistence of 
glow of the fluorescent powder helps to reduce this effect, 
which, in most installations is imperceptible. 

In installations where rotating machinery is employed, 
this flicker can give rise to peculiar stroboscopic effects. 
such as to make the machine gear wheels appear to rotate 
at the wrong speed or even to appear stationary. In such 
installations it may be advisable to operate tubes on differ- 
ent phases of the supply and to arrange that there is an 
“overlap” of the light from different tubes so that the illu- 
mination on the machine never falls to zero at any one 
instant. 

Fig. 9b shows the light wave form obtained when a 
single fluorescent tube is operated inductively. Fig. 9a 
shows the wave form for two tubes operated on two phases 
of a three-phase supply with a phase displacement of 129 
deg. Fig. 9d shows the variation in intensity of the mixed 
light from three tubes operated on a three-phase supply. 
It is, however, possible to simulate the wave form shown in 
Fig. 9c on a single phase supply by means of the twin tube 
circuit described in detail in Section (7). 

In general the ratio of maximum to minimum light inten- 
sity is greater in tubes of “ cooler” colour so that the strobo- 
scopic effect of such tubes is somewhat more pronounced. 

A further form of flicker can sometimes be observed 
at the ends of a tube which is caused by the cathode glow 
forming on the electrode once each cycle giving a flicker 
at the tube-ends of half the frequency of the normal strobo- 
scopic flicker. This flicker is usually obscured by covering 
up the ends of the tube. 

A flicker effect sometimes occurs in which the discharge 
takes the place of a narrow cord which spirals and oscillates 
against the sides of the tube. This is due to the presence of 
impurities in the tube which generally “clean-up” during 
the initial ageing period. This effect can, however, be pro- 
duced by “ cold-starting” of the electrodes. (See Part 2). 


(4.7) Ultra-violet Radiation 


The ultra-violet radiation emitted by the fluorescent tube 
falls in the harmless range of wavelengths 4,000 to 3,000 A; 
the amount of ultra-violet energy received on a surface even 
at a short distance from the tube is less than that received 
in winter sunlight. (See Table 6.) There is no radiation 
whatever in the danger zone below 2,800 A, because the 
glass envelope of the tube absorbs the very short wave- 
lengths. Most of the ultra-violet energy in the tube is 
transformed to radiation of a longer (visible) wavelength by 
the action of the fluorescent powder. 


(4.8) The Effect of Surrounding Air Temperature 


The light output and efficiency of fluorescent tubes is 
mainly determined by the generation of short-wave ultra- 
violet radiation set up by an electric discharge through 
mercury vapour at very low pressure. The quantity of this 
radiation is influenced by the mercury vapour pressure inside 
the tube (Fig. 10), which, in turn, is influenced by the air 
temperature in which the tube is operated. Most fluorescent 
tubes are designed to give their rated light output when the 
tube wall temperature is about 50 deg. C., which corre- 
sponds to a surrounding air temperature of about 25 deg. C. 
Fig. 11 shows the relationship between luminous efficiency 
and ambient temperature for a typical 5-ft. 80-watt tube. 

In general tubes operating at a higher current density, such 
as a 5-ft. 80-watt tube, are somewhat less affected from the 
point of view of light output than tubes such as the 
4-ft. 40-watt or 2-ft. 20-watt types which operate at a 
relatively lower current density. The relationship shown 
in Fig. 11 refers to a tube operating in still air; under 
draught conditions the effect on light output is more marked 
as shown in Fig. 12. 
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Table 6 
UV radiation from fluorescent tubes 
Approximate values of actual energy in milliwatts per cm? 
aco te wees ee 





' 


Noon Sunlight | 1 metre from 








Description | Wavelength 42 deg. N typical 80-watt 
| of Radiation | Region (A) ,-—--— -—-| “ fluorescent 
| Summer! Winter tube 
Near UV 
(harmless) 4,000--3,250 3.5 0.5 | less than 0.005 
Erythemal | 3,250-2,800 | 0.2 0.01 | less than 0.000: 
Harmful 
short-wave | 
UV | Below 2,800 | None | None None 
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Fig. 10. Effect of variation of mercury vapour pressure on 
the efficiency of ultra-violet radiation generation. 
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Relation: between luminous efficiency and ambient 
temperature for a typical 5-ft. 80-watt tube. 


Fig. /1. 


From Fig. 11 it will be noted that the luminous efficiency 
rises to 100 per cent. of the optimum up to about 20-25 deg. 
C. and then gradually falls, but at a slower rate, at higher 
temperatures. As the efficiency at freezing point will only 
be about 60 per cent. of the optimum values, totally enclosed 
fittings are recommended for cold situations when the tube 
temperature will then stabilise at a higher value. In a 


‘suitably designed fitting the light output of the tube should 


be up to the optimum in less than 10 minutes and up to 
70 per cent. of the optimum in about four minutes even 
when the external ambient air temperature is down to 
freezing point. 

Apart from its effect on the light output of a fluorescent 
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Fig. 13. Variation of lamp volts, current and watts with 
ambient temperature. 
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ig. 14. Variation of starting voltage with ambient temper- 
ature of 80-watt fluorescent tube in free air. 


tube the ambient temperature also influences the electrical 
char .cteristics, wattage, starting voltage, etc., and in turn 
the serformance of tubes and their associated control gear. 
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Fig. 13 shows the effect of temperature on tube volts, watts 
and current. It will be noted that the temperature, whilst 
not affecting the tube watts to any material degree, has a 
considerable influence on tube current. At an ambient 
temperature of 40-45 deg. C. the tube current has increased 
by about 12 per cent., which will tend to reduce the effective 
life of the tube and possibly overheat the tube control 
gear. This particular characteristic must be borne in mind 
in the design of totally enclosed fittings where the proximity 
of tubes and control gear can result in a considerable rise 
in current. 

It will also be noted that the voltage across the tube rises 
with temperature. This may result in reclosure of:the glow 
switch, if the tube is used in a conventional starter-switch 
circuit, causing “ blinking’ and other undesirable effects. 

The striking voltage of the tube is also sensitive to 
ambient temperature and rises about one volt for each one 
degree fall in temperature, as indicated in Fig. 14, which 
shows the striking voltage-temperature relationship for a 
typical 5-ft. 80-watt tube. From a consideration of this 
curve it will be seen that where the mains voltage falls 
to 200 volts at a time when the ambient temperature is at 
freezing point this particular tube will just start. 

Difficulty in starting at low temperatures may cause 
repeated flashing of the tube with consequent deterioration 
of the electrodes. It is recommended that where low 
temperatures are likely to be experienced the capacitive 
(leading) circuit in conjunction with a thermal-type starter 
switch should be used. This arrangement should give 
adequate safety in starting down to an air temperature of 
about —15 deg. C. 


(5) Colour of Fluorescent Tubes 


A wide range of near-white and coloured fluorescent 
tubes is available. This section describes the accepted 
methods of specifying the colour appearance, the colour 
rendering properties of fluorescent tubes and the application 
of tube colours to various lighting tasks. 


(5.1) Colour Appearance of Fluorescent Tubes 


The process of obtaining any desired colour by the 
additive colour mixing of varying proportions of red, green 
and blue light (the three primary colours) on a white screen 
is well known. The CIE (Commission Internationale de 
l’Eclairage) system of specifying the colour appearance of 
light sources is based on the principles of additive colour 
mixing. Instead of using the three primary colours red, 
green and blue the CIE system employs three imaginary 
specified primaries X, Y and Z in order that all real colours, 
including spectral colours, may be embraced. 

The colour appearance of a light source can be matched 
by a mixture of the primaries X, Y and Z and the propor- 
tions of X, Y and Z required may be said to specify the 
colour. Any colour may be expressed in the form of xX +- 
yY + 2Z and if x + y + z = 1 it is only necessary in 
practice to quote two of the proportions, conventionally 
x and y. 

If a diagram be plotted with the vertical axis x and the 
horizontal y all real colours will be in a horseshoe area as 
shown in Fig 15. It will be observed that the point whose 
co-ordinates are x = O, y = O represents the “colour” Z, 
that whose co-ordinates are x = 1, y = O the “colour” X, 
and that whose co-ordinates are x = O, y = I the 
“colour” Y. 

The colour appearances of a number of fluorescent tubes 
are shown on an enlargement of the near-white region of 
the CIE chromaticity diagram in Fig. 16. It will be seen 


from Fig. 16 that the chromaticity of most fluorescent tubes 
used for general lighting purposes lies on or near the black 
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body Jocus and it is common to refer to the colour appear- 
ance of tubes by their colour temperature, although strictly 
this is inadmissible. 

The following colour temperatures may be assigned to 
tubes : — 


Northlight or Colour Matching .... 6,500 deg. K 
Cool White de luxe or Natural .... 4,200 deg. K 
Cool White or Daylight .......... 4,500 deg. K 
Se ee eS ees or 3,500 deg. K 
et We ows Bisa. A eS 2,900 deg. K 
Deluxe Warm White .............. 2,800 deg. K 


(5.2) Colour Rendering of Fluorescent Tubes 


The colour rendering properties of a light source depend 
on its spectral energy or spectral luminance distribution— 
the latter being an energy distribution weighted by the 
relative eye sensitivity at various wavelengths. To simplify 
measurement the CIE has adopted a system in which the 
visible region of the spectrum is split into eight wavelength 
bands and the percentage of the total energy or luminance in 
each band is quoted. 


The eight bands adopted by the CIE are: — 

(1) 3,800-4,200 A Far Violet 

(2) 4,200 - 4,400 A Violet 

(3) 4,400 - 4,600 A Blue 

(4) 4,600 - 5,100 A Blue Green 

(5) 5,100 - 5,600 A Green 

(6) 5,600 - 6,100 A Yellow 

(7) 6,100 - 6,600 A Light Red 

(8) 6,600 - 7,600 A Dark Red 


Approximate percentage luminance distributions for a 
number of standard fluorescent tubes are shown in Table 7(b), 
together with luminance distribution for an incandescent 
filament and a black body radiator. 

Fluorescent tubes inherently tend to be deficient in radia- 
tion in the dark red 6,600- 7,600 A band. To increase the 
percentage energy radiated in this band, however, results 
in a reduction in efficiency, all other things being equal, due 
to the lower relative luminous efficiency of energy in these 
wavelengths. 

It cannot be overstressed that the colour rendering 
properties of fluorescent tubes cannot be judged by the tube 
colour appearance but only by consideration of the spectral 
band data. 


(5.3) The Application of Colours 


The visible radiation from a fluorescent tube is a 
combination of the continuous radiation provided by the 
activated phosphor and the discontinuous spectra from the 
mercury discharge itself. For this reason, therefore, the 
objective appearance of white or near-white tubes and the 
colour rendering provided by them is never quite identical 
with that of the tungsten lamp although a fairly close 
similarity can be reproduced. Further, whilst the colour 
appearance of two tubes may be much the same the colour 
rendering may be quite widely dissimilar; conversely the 
colour rendering of two tubes may be similar but their 
colour appearance may be quite different. 

Six white or near-white colours are fairly widely manu- 










































































































































































Fig. 16. Chromaticity (colour appearance) of fluorescent 
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Table 7 (a) 
Chromaticity co-ordinates 
a a — Sr ¥ 
| High* Lowt  High* Low? | 
Loading Loading Loading Loading! Tolerance 
| Daylight 0.368 0.371 0.369 0.367 | + 5 mMPcD 
| Natural 0.375 0.379 | 0.360 0.358 | + 5 MPCD 
| Colour | 
Matching 0.313 0.313 0.323 0.323 | + 5 MPpcD 
Warm White 0.440 0.446 | 0.400 0.398 | + 7 MPCD 
| 0.405 0.410 | 0.391 0.389 + 5™mpcpD 


| White 
| 


| 





* 80w., 30w., 2 ft., 40w. 


+ 20w., 4 ft., 40w. 
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factured in this country varying from a very “cold” to a 


very “warm” appearance. There are Deluxe Warm White, 
Warm White, White, Natural, Daylight, and Colour 
Matching, providing a range which should satisfy most 
practical lighting requirements. 

Four “coloured ” tubes, red, green, yellow and blue, are. 
also available in 5-ft. 80-watt rating. The red and yellow 
tubes incorporate an internally applied pigment as a filter 
which provides an extremely saturated colour with some 
inevitable reduction in efficiency. 


It is not generally realised that the objective appearance 
of tubes of the same specified colour varies somewhat 
according to the wattage loading at which the tube is 
operated. A 4-ft. 40-watt daylight tube which operates at 
10 watts per foot length appears slightly warmer in appear- 
ance than a 5-ft. 80-watt tube operating normally at 16 watts 
per foot. For this reason it may not be wise to mix lamps 
of different ratings in close juxtaposition. 

There are, inevitably, small differences in appearance 
between tubes of the same objective colour, but nowadays 
the tolerances in manufacture are so small that practical 
difficulties of this nature are seldom encountered. 

During the normal life of a tube some very small change 
in colour appearance takes place but is not generally 
appreciable. 


(5.4) The Choice of Colour 


The choice of colour of a fluorescent tube for any 
particular application requires consideration of a number of 
factors, e.g., the type of work, style and colour of decoration, 
level of illumination and the psychological effect on the 
individual. 

Broadly speaking, the six white colours enumerated in 
the previous section may be divided into two categories for 
application purposes: Daylight, Warm White, White 
and Natural for general purpose lighting, and Colour Match- 
ing and Deluxe Warm White for special effect lighting. The 
Daylight tube is probably the most widely used colour for 






383 


industrial lighting, combining a high efficiency with a 
psychologically stimulating effect. 

The Warm White and White tubes, however, which have 
the highest efficiency, are being increasingly used for indus- 
trial and office lighting. Their colour appearance is also 
such that they blend well with tungsten filament lighting. 

For shops and stores lighting the Natural tube has a 
wide appeal. This tube has an objective appearance between 
the very “cool” and “warm” tubes and has very good 
colour-rendering properties. Achievement of these properties 
inevitably results in a somewhat lower efficiency, about 20 per 
cent. below that of the Daylight tube. 

The Deluxe Warm White and Colour Matching tubes are 
special service types with wide applications. The colour 
rendering of the Colour Matching tube closely simulates 
north sky daylight and is extremely consistent throughout 
the life of the tube—more consistent than natural daylight 
which varies with time and season. At relatively low levels 
of illumination the “colder” fluorescent tubes have a 
depressing psychological effect. The luminous efficiency of 
the Colour Matching tube is some 25 per cent. below that 
of the Daylight type. 

Tne Deluxe Warm White tube was designed primarily for 
social and domestic use and to simulate filament lighting 
with which it mixes very well. The colour rendering of food, 
clothing and flesh is almost identical with that produced by 
filament lamps, making it extremely suitable for use in 
restaurants and recreational premises. The efficiency of the 
Deluxe Warm White tube is some 25 per cent. below that 
of the Daylight. 

Colour rendering intermediate between the various types 
of tubes mentioned above, can,.of course, be obtained by 
mixing the light from tubes of different colours; in general 
this is undesirable on aesthetic grounds and very rarely 
necessary. 

The four “ coloured ” fluorescent tubes are generally used 
for floodlighting and decorative effects; in addition the Blue 
tube has found many applications in photographic printing. 
The efficiency of these coloured tubes is much higher than 
that obtained by a combination of filament lamps and 
coloured filters. 


Table 7 (b) 


Spectral luminance of fluorescent tubes 
Approximate percentage luminance in spectral bands 


3 4 5 6 7 8 | 














Spectral band 1 2 
Wavelength () .38—.42 | .42—.44 | .44—.46 | .46—.51 | 51—.56 | .56—.61 | .61—.66 | .66—.76 
| 
Fluorescent Daylight 0.01 0.30 0.30 5.0 41.0 50.0 7.0 0.13 | 
Tubes—Type MCF.— Natural 0.01 0.30 0.30 5.9 39.0 51.0 8.5 > 2 | 
Colour-Matching 0.17 0.42 0.56 8.1 45.8 39.0 8.0 | 0.22 | 
Warm White 0.005 0.22 0.10 La 33.0 59.6 8.9 4s | 
Deluxe Warm White 0.008 0.27 0.05 y 36.7 44.2 16.0 0.48 | 
White 0.008 0.25 0.20 | 3.0 36.0 35:5 8.4 0.13 
Red — —_ -- _ 1.0 20.5 73.1 5.4 
Blue 0.13 1,5 2.3 17.8 57.9 18.6 1.76 | 0.02 
Green 0.005 0.17 0.03 52 79.0 13.9 0.65 | 0.02 
Yellow — — — 0.1 22.1 63.5 14.0 0.43 
Incandescent Filament 2800 deg. K 0.006 0.06 0.25 oe 53-5 42.7 16.6 1.54 
Black 4800 deg. K 0.021 0.18 0.60 9.0 39.8 38.0 TES 0.86 


Body 6500 deg. K 











10.6 
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PART 2: CIRCUITS 


The optimum performance of a hot cathode fluorescent 
tube is dependent on a number of factors associated with 
the correct starting and running conditions. The current 
through the tube is, on alternating current, generally con- 
trolled by an inductance or a capacitance in series with it, or 
less frequently by a resistance which may take the form of a 
filament lamp. This series impedance js always necessary on 
account of the “ negative resistance” of the discharge path. 

On direct current a series resistance must be used, but 
such a resistance inevitably absorbs an appreciable amount 
of power. On AC, however, inductive control provides the 
necessary current limitation with a relatively small power 
loss. 

If a fluorescent tube is started with the electrodes cold 
(assuming the necessary starting voltage is available), 
accelerated dissipation of the electrode coating occurs, 
resulting in premature end blackening and a_ shorter 
effective life. The majority of circuits used with fluorescent 
tubes provide some degree of cathode preheating but “ cold ” 
starting is, occasionally, employed principally on account of 
simplicity of the associated control gear. 

Circuits for the control of fluorescent tubes can be 
divided broadly into two classifications, switch start circuits 
and starterless circuits. Starterless circuits are known and 
referred to in various ways, instant start, rapid start, quick 
start and so on; no standard nomenclature appears to exist. 

In switch start circuits the inductive property of the 
choke is utilised to provide, in combination with some form 
of automatic switch, the necessary voltage surge for starting. 
In starterless circuits, favourable starting conditions are 
generally provided by a slight step-up in voltage in com- 
bination with an applied potential difference between the 
tube electrodes and some point, external to the tube, or 
alternatively by a switching pulse. “Cold” starting circuits 
may utilise a special fluorescent tube having an internal 


stripe. 


(6) Switch Start Circuits 


The essential components of the commonplace switch 
start circuit comprise the tube choke and starting switch. In 
addition, there are generally two capacitors, one connected 


Fig. 17. (left) Typical glow 
starter switch. 


Fig. 18. (below) Simple choke 
controlled glow switch circuit. 
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across the tube for the suppression of possible radio inter 
ference, and one connected across the mains for power factor 
correction. 

Two types of starter switch are in popular use in this 
country, the glow switch which is a voltage-operated device 
and the thermal switch which is current-operated. 

Fig. 17 shows a common form of glow starter. This con- 
sists of a small discharge tube of the negative glow type, 
filled with a mixture of helium and hydrogen gas and in 
which the electrodes form the switch contacts. One electrode 
is fixed and the other carries a U-shaped bi-metallic strip 
which flexes when heated and is fitted with a suitable contact 
at its free end. This is known as the “asymmetric” type 
of switch, but other types of switch having two symmetrically 
arranged bi-metals are also in general use. The switch, 
together with its associated interference suppression 
capacitor, is normally contained in the metal canister also 
illustrated. This canister may have two or four electrical 
contacts (manufacturing practice differs in this respect). In 
the case of the four contact starter, it will be found that one 
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Fig. 19. Oscillograms of typical 
transient voltage waveforms 
across starter contacts. (a) no 
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(left) Thermal starter switch. 


(right) Thermal starter circuit. 
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Fig. 21. Twin tube circuit. 
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After the tube discharge has started, the voltage across it 
will be about half the mains voltage, the remainder being 
taken up by the choke. This voltage is insufficient to start 
a discharge in the glow switch which remains effectively out 
of operation until the tube has to be restarted. 

The glow switch starter is generally recommended for 
use with 5 ft. 80-watt, 4 ft. 40-watt and 3 ft. 30-watt tubes on 
AC supplies of 200-250 volts. 

The thermal or current operated switch which is shown 
in Fig. 20a comprises one or more bi-metallic strips in close 
juxtaposition to a small low-resistance heater coil. The 
construction should, in a properly designed switch, compen- 
sate for changes in the external ambient temperature. The 
elements of the switch may be in free air or may be enclosed 
in a hydrogen-filled glass bulb for arc quenching; the com- 
plete device including the suppressor capacitor is contained 
in a metal or plastic canister with four contact pins. Two 
of these pins are larger than the other pair, the large pins 
being connected to the switch contacts and the small pins 
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Fig. 22. Oscillograms showing voltage current waveforms of twin lamp circuit. 


pair of contacts is much smaller in diameter than the 
other pair, the switch contacts being connected to the former. 

The operation of the switch is best understood by study- 
ing it in relation to the simple choke-controlled tube circuit 
shown in Fig. 18. The cycle of operations is as follows :— 

(a) When the switch S.1. is closed, practically full mains 
voltage is applied across the tube and across the glow switch 
which is connected in parallel with it. The mains voltage is 
generally insufficient to start the main discharge in the tube, 
but the discharge in the glow switch heats the bi-metallic 
strip which bends and makes the contact. 

(b) The glow switch contacts having closed, the circuit is 
completed through the choke and two tube electrodes in 
series and the current through the electrodes heats them to 
incandescence and causes ionisation of the gas in their 
immediate vicinity. The current through the electrodes is 
suitably limited by the choke coil. 

(c) As the glow switch is now short-circuited (the switch 
contacts being closed) there is no longer any heat from the 
glow discharge in the switch, and the bi-metallic strip cools 
down causing the switch contacts to open, within a second 
or two. Breaking the circuit produces a high voltage surge 
(caused by the collapse of the magnetic field in the choke) of 
up to 800/ 1,000 volts which is generally sufficient to strike the 
discharge in the tube. Should the tube fail to strike at the 
firs’ opening of the starter contacts, a discharge will pass 
again and the cycle of operations will be repeated until the 
tube starts. 

Oscillograms of typical transient voltage waveforms 
measured across the starter switch contacts are shown in 
Fig. 19. Fig. 19a shows the transient when no parallel 
cap. citor is used and Fig. 19b with the normal suppression 
cap.citor. In the latter case the neak voltage is reduced but 
the sulse-voltage area is increased so that more energy is 
ava ‘able for starting. 





being connected to the heater coil. The simple thermal 
switch circuit is shown in Fig. 20b. 

The switch contacts of the thermal type switch, unlike 
those in the glow starter, are closed in the “off” position 
so that when the tube is switched on current immediately 
flows through the tube electrodes and through the heater 
coil of the starter. After a second or so the heat from this 
coil causes the bi-metallic strips to bend and break contact 
and the inductive surge from the choke starts the discharge 
in the tube. The heat from the coil keeps the starter con- 
tacts open all the time the tube is in operation but immedi- 
ately it is switched off the bi-metal cools and the contacts 
reclose ready for the next start. 

The characteristics of the thermal switch must be such 
that the contacts will not reclose under the tube “ running ” 
condition during which the tube running current will 
generally be lower than the starting current. The thermal 
switch circuit is applicable to all ratings of fluorescent tubes 
operated singly or in series as described later, but as different 
ratings of thermal switch are manufactured, the correct com- 
bination of tube and switch must be used. 

The power factor of the simple inductive circuit described 
above is about 0.6 which may be corrected to 0.85 or so by 
the use of a suitable capacitor as described in Section (16). 

Special twin glow starters for operating two short tubes 
in series are also available. 


(7) The Twin Tube Circuit 


When tubes are operated in pairs or in multi-lamp fittings, 
the “twin tube” circuit may be used to advantage. In this 
circuit one tube is operated in series with a choke and the 
other in series with a choke and a capacitor as shown in 
Fig. 21. The circuit with the choke alone in series has a 
power factor about 60 deg. lagging and that with the choke 
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Fig. 24. Series circuit for short fluorescent tubes. 


Fig. 23. 


























and series capacitor a power factor of some 60 deg. leading. 
The resultant power factor of the combined circuits is 
approximately unity. 

Figs. 22a and b show the manner in which the mains 
voltage and tube current for inductively and capacitively 
controlled tubes vary throughout a cycle and Fig. 22c shows 
the mains voltage and combined current for the twin tube 
circuit. 

As the light from each tube is in phase with the current 
in the tube, and the current in one tube is 120 degrees out 
of phase with the current in the other, the light from the 
two tubes will also be 120 degrees out of phase. This results 
in a considerable “ smoothing out” of the light-time cycle 
as shown in Fig. 9c. A further maior advantage of the 
capacitive circuit is that with varying mains voltage a much 
smaller variation in tube current occurs than in the purely 
inductive circuit. (Fig. 23.) This means that tubes operated 
capacitively will continue to operate even when the mains 
voltage falls to quite a low value. The use of the twin tube 
circuit also enables a saving of one capacitor for every 
pair of circuits compared with circuits where parallel cor- 
rection is employed. 


Fig. 25. Multi-tube 
circuit, 
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(8) Series Operation 

It has been mentioned previously that the relatively low 
tube voltage of the 24-inch and 18-inch tubes renders then 
suitable for series operation on 200/250 volt supplies fron: 
a single set of control gear. The circuit for two such tubes 
is shown in Fig 24. A starter switch is required for each 
tube, the thermal type being recommended as glow starters 
are generally unsuitable for operation on voltages materiall) 
below 200 and only about half of this voltage is available 
across each tube when two are operated in series. The 
current rating of the thermal switches must, of course, be 
suited to the current rating of the tubes concerned. In 
multi-tube fittings employing multiples of four short tubes, 
a twin tube arrangement such as shown in Fig. 25 may be 
used. 


(9) Starterless Circuits 
(9.1) Standard Transformer Heating (Inductive Circuits) 


The majority of so-called “ starterless” circuits provide 
electrode pre-heating by means of a small auto-transformer. 
This transformer, apart from providing electrode heating, 
can be arranged to step-up, for starting purposes, the voltage 
across the tube, but the usual series choke is still required 
for stabilising purposes. 

Typical circuits of this type are shown in Figs. 26 and 
27. In Fig. 26 the choke is connected between the mains 
and the transformer, this class of circuit being known as 
“compensated ” as once the tube strikes the voltage across 
the transformer falls and the electrode heating current is 
reduced. The temperature of the electrode is then chiefly 
maintained by the normal tube current. 

In the uncompensated type of circuit shown in Fig. 27, 
the electrode heating transformer is connected directly 
across the mains, and once the tube strikes no reduction in 
circulating electrode current results. Obviously, if the 
transformer were designed to provide the full starting 
current to the electrodes, these electrodes would, once the 
tube had started, be overloaded as they would then be 
carrying a high circulating current in addition to the normal 
are current. 

Some tubes, e.g., the 4-ft. 40-watt and 3-ft. 30-watt, will 
Start with comparatively low electrode heating and in these 
cases the starting transformer can be designed in such a 
way that, even after the tube has struck the combined 
electrode, circulating and tube currents will not be 
sufficiently great as to affect the reliable performance of the 
tube. 

Mention has already been niade of the absence, in many 
“ starterless circuits, of any form of voltage surge usually 
necessary for starting the tube. Starting has, therefore, to 
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Fig. 26. Preheat 
starterless inductive 
compensated circuit. 
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Fig. 27. Preheat 
starterless inductive 
uncompensated cir- 
cuit. 

















Fig. 28. Preheat 
starterless compen- 
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Fig. 29. (below) 
Instant-start circuit 
for two short lamps. 
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be facilitated in some different way, one common method 
being to provide a “ proximity” earth. This may be done 
by having a metal or metallised stripe running along the 
outside wall of the tube and soldered to the caps which can 
then be electrically bonded, through a metal lampholder 
or other convenient means, to the earthed fitting. On 
switching, a potential difference approximating to the mains 
voitage on a normal supply system is applied between the 
electrodes and the outside stripe which, in conjunction with 
the pre-heated electrodes, is generally sufficient to “ trigger ” 
the tube. 

The successful operation of fluorescent tubes in normal 
starterless circuits is mainly dependent on two factors: (1) an 
adequate potential difference between the unearthed electrode 
and the adjacent portions of the tube wail, and (2) the tube 
surface must be substantially equipotential. If this latter 
condition does not exist a potential ‘“ barrier” can be set 
up which prevents the discharge from spreading down the 
tube. In the case of tubes not fitted with an external metal 
stripe, and operated under conditions of even normal 
humidity, the moisture film deposited on the tube strongly 
influences the potential gradient along the tube wall and 
inhibits starting. Deposition of this moisture film can be 
avoided by coating the tube with a thin transparent layer 
of silicone varnish. It is recommended that, in addition to 
using a siliconed tube the fitting associated with the tube 
should be earthed. 

In assessing the relative advantages and limitations of 
striped and siliconed tubes, it is fairly generally agreed that 
the earthed stripe lamp provides the greater factor of safety 
under adverse conditions of mains voltage and temperature. 
When used in earthed metal fittings, siliconed tubes should 
give reliable starting down to about 8 deg. C. but the earthed 
stripe lamp should be satisfactory as low as 0 deg. C. 


(9.2) Standard Transformer Heating (Capacitive Circuits) 


Under normal circumstances the current through a 
fluorescent tube is substantially symmetrical, but towards 
the end of life it is not uncommon for one electrode to lose 
much of its emissive coating whilst the other may be fully 
emissive. Under these conditions the tube acts as a partial 
rectifier and a DC current of as much as 0.5 amps may, 
in the case of a 5-ft. 80-watt tube, for example, flow through 
the tube and the main winding of the starting transformer 
with possible serious effects. 

The capacitive starterless circuit shown in Fig. 28 
obviates the above effect and utilises a double or centre 
tapped series capacitor, one section of which is in series 
with the transformer primary and “blocks” the 
asymmetrical current. Capacitive circuits of this type may 
be used with the inductive circuits described above to 
obtain the advantages of “ twin tube ” operation. 


(9.3) Starterless Circuits for Tubes in Series 

Short fluorescent lamps may be operated in series in the 
circuit illustrated in Fig. 29. A single transformer with an 
additional secondary winding provides pre-heating for two 
of the electrodes connected in series. 


(9.4) Pulse Start Circuits 


Modified types of inductive starterless circuits have been 
introduced in which a pulse is initiated on first switching. A 
circuit of this type is shown in Fig. 30 in which it will be 
noted that the power factor correction capacitor is connected 
to a tapping on the choke winding. Normal transformer heat- 
ing of the tube electrodes is provided. When the tube is 
switched on the PF capacitor is charged through part of the 
choke winding and as the tapped choke then acts as an auto- 
transformer a voltage pulse is applied across the tube for 
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Fig. 30. Typical 
pulse start circuit. 








: 


SUPPRESSOR 
yt 













4 


CHOKE / TRANSFORMER UNIT 


Le 








POWER FACTOR 
CORRECTION CAPACITOR 





See aces. eee act eee 








~ SUPPLY 

















Fig. 31. Capacitive start circuit. 
4! Ow LAMP 
bee tae a ie | Spe 
os = AP 
TWIN STARTING od» 


TRANSFORMER 


























ne er re : 
NEUTRAL _ PHASE 
Fig. 32. TLC circuit for two 4 ft. 40-watt 
straight tubes. 





Searing wire on feting 


Fig. 33. TLC circuit 
for 40-watt circular 
tube. 








ji 
V 























m8 BALLAST 
4° 40 LAMP 





LIGHT AND LIGHTING 


starting purposes. Careful design of the choke is necessary 
to avoid serious distortion of the waveform or the applica- 
tion of too high a voltage across the tube. If the tube does 
not strike on the first switching, reswitching may be necessary. 


(9.5) Capacitive Gear 


A new type of starterless circuit has recently been 
introduced (Fig. 31). One electrode is heated by a smal! 
current transformer and the other through the powe: 
factor correction capacitor. Both electrodes are thus 
quickly brought up to emission temperature, and the voltage 
between them—being approximately equal to the mains 
voltage, allowing for a small drop across the primary of the 
current transformer—starts the tube. Two advantages of 
this circuit are the high power factor achieved (about 
0.98) and the economy in construction as the current trans- 
former may be wound on an extension of the conventional 
choke core. 


(10) Tungsten Lamp Control 


The tungsten lamp control circuit (TLC), which is suit- 
able only for AC mains, employs a specially rated tungsten 
ballast lamp in series with each fluorescent tube and a small 
transformer for electrode heating. This arrangement enables 
the normal choke to be dispensed with. A suitable trans- 
former in conjunction with an earth-striped fluorescent tube 
also provides instant starting and the power factor of the 
circuit is practically unity, so that no correction capacitor 
is required, 

Fig. 32 shows a suitable circuit for operating two 4 ft. 
40-watt instant start tubes from a single small transformer. 
Two tungsten ballast lamps, each taking about 65 watts, are 
employed, making a total consui. ~tion of about 210 watts. 

The TLC circuit has also been applied to the 40-watt 
circular fluorescent tube with a number of features which 
differ from those employed with straight tubes as shown 
in Fig. 33. Owing to the practical difficulties of attaching a 
starting stripe to the curved wall of the tube, reliable starting 
is effected by providing an insulated conductor connected 
to the neutral of the supply and held in close proximity to 
the tube surface, and by employing a silicone water repellent 
coated tube. 


(11) Circuits for 8 ft. 125-watt Tubes 


On account of the relatively high arc voltage of the 8-ft. 
tube some step-up of mains voltage is necessary on most 
supplies. Fig. 34 shows an inductive circuit employing a 
step-up leakage reactance transformer which also provides 
electrode heating in a similar manner to the “ instant start” 
transformer. The regulation of the transformer is such 
that current limitation is provided without the use of a 
series choke and no starter is necessary. The circuit is 
shown with a power factor correction capacitor which is 
omitted if the tube is used in conjunction with a second 
tube operated capacitively to obtain the advantages of the 
“twin tube” arrangement. 

The capacitive circuit is shown in Fig. 35 and consists 
of a standard 80-watt choke and series capacitor and a small 
step-up transformer for mains voltages from 200 to 240. On 
250-volt mains this transformer is unnecessary. In the 
capacitive circuit a thermal-type starter of the same current 
rating as that normally employed with a 5-ft. 80-watt tube 
is used. 


(12) Direct Current Circuits 


Hot cathode fluorescent tubes are designed primarily for 
use on alternating current. Such tubes can also be operated 
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Fig. 36. Enclosed resistance for DC operation and 
polarity reversing switch. 
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Fig. 34. Instant start 
circuit for 8 ft. 125- 
watt tube. 
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Fig. 37. Circuit for DC operation of fluorescent 
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Fig. 38. Typical cir- 
cuit for HF operation 
of fluorescent tubes. 
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on direct current, though by so doing certain limitations 
and disadvantages are incurred. Although DC operation is 
not as efficient as AC operation, it nevertheless offers an 
appreciable advantage in luminous efficiency over the tungs- 
ten filament lamp and there are many lighting applications 
where the advantages of the fluorescent tube more than 
outweigh the loss in overall efficiency resulting from the 
resistive stabilisation which the DC fluorescent tube circuit 
requires, 

When fluorescent tubes are used on DC a resistor of 
appropriate value and rating must be connected in series 
with each tube. This resistor is in addition to the normal 
choke coil used on AC, which must be retained in order to 
provide the induced voltage surge necessary for starting the 
lamp. The recommended values of these resistors for 
different sizes of fluorescent tubes together with their cur- 
rent rating are given in Tables 13 and 14. 

One of the characteristics of fluorescent tubes operated 
on a DC supply is the migration of ionised mercury vapour 
to the negative electrode with consequent darkening and loss 
of light at the anode end of the tube. Ambient temperature 
has also an effect on the speed of migration, particularly at 
values below 20 deg. C. This end-darkening effect is more 
rapidly apparent with the longer fluorescent tubes, and pro- 
vision for reversing the polarity must be made. It is con- 
venient to use a rotary on-and-off reversing switch for this 
purpose as reversal can take place every time the tube is 
switched. Common types of enclosed resistors and rotary 
reversing switches are shown in Fig 36. 

The usual circuit for operating a single fluorescent lamp 
on DC is illustrated in Fig. 37. A thermal-type starter 
switch is recommended as most glow-type starter switches are 
generally asymmetric in construction and will not operate 
equally well with either polarity. 

The period of reversal varies somewhat between tubes of 
different lengths and even between tubes of the same length. 
In general, however, the 5-ft. 80-watt tube will require 
reversal about every six hours, but the shorter tubes such 
as the 2-ft. 20-watt may operate satisfactorily up to 24 hours 
on the same polarity. 

Starting is more difficult on DC than on AC due to the 
absence of the AC peak voltage and the use of 5-ft. 80-watt 
lamps on supplies likely to fall below 200 volts is not recom- 
mended. The 4-ft. 40-watt and shorter lamps, however, are 
somewhat more flexible from this point of view. Strobo- 
scopic flicker and power factor correction problems are, of 
course, absent on DC. 

Before much experience in the use of fluorescent tubes on 
DC had been gained it was thought that tube life would be 
lower than on AC operation. However, it would now appear 
that the average life is comparable with that on AC under 
the same operating conditions, provided polarity reversal is 
carried out. Some manufacturers supply special tubes for 
DC operation which have an increased amount of mercury in 
them which slows up the “ migration ” effect. 


(13) High Frequency Operation 


As the frequency of the supply used for fluorescent tubes 
is increased the luminous efficiency increases, being some 
10 per cent. higher at 400 cycles than at 50 cycles. Other 
advantages of higher frequency operation are the greatly 
reduced weight and bulk of the control gear and the fact 
that a simple resonant circuit such as shown in Fig. 38 may 
be employed. The overall efficiency of a number of tubes 
operated on high frequency may, however, be less than on 
a 50-cycle supply due to the inevitable losses in frequency 
conversion. Circuits of the resonant type are not satisfactory 
for normal frequency supplies due to the distortion of the 
waveform and the bulk of the control gear required. 
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(14) Cold Starting Circuits 


Mention has already been made of the fact that, provided 
a sufficiently high voltage is available, a standard fluorescent 
tube may be started, even when the electrodes are cold and 
therefore only partially emissive. Such starting, however, 
shortens the life of the tube and accelerates end blackening; 
in addition, the size and cost of the auxiliary gear to provide 
this high voltage is likely to be much greater than with 
standard pre-heat circuits. 

One special type of fluorescent tube, however, has been 
produced which will strike “cold” satisfactorily on normal 
mains voltage in starterless circuits; this is the internal stripe 
tube shown in Fig. 39, associated with a ballast lamp similar 
to that used with the TLC circuit. When the tube is 
switched on, ionisation occurs between one electrode and the 
end of the internal stripe which is connected electrically to 
the other electrode and the tube will strike even on ordinary 
mains voltage. The resistance of the stripe is such that 
under running conditions the arc takes most of the current 
but there is still some wattage loss (7-10 per cent. of input) 
in the stripe. 

The “ cold ” starting of the electrodes also results in some 
shortening of life, the life of an internally striped tube being 
about 50 per cent. of that of a normal tube operated in a 
conventional pre-heat circuit. 


(15) Three-phase Operation 


(15.1) Neutral Currents in Three-phase System 


When fluorescent tubes are operated from a three-phase 
supply an appreciable current may be caused in the neutral 
conductor due to the harmonics inherent in the current wave- 
form of discharge lamps. The actual harmonics concerned, 
being the odd multiples of three, are additive in a balanced 
arrangement. The ballast design will also influence these 
harmonics and their effect may be minimised by designing 
the ballast to restrict the flux density of the choke core. 

The public supply may contain a small percentage of 
harmonics and a greater percentage may be found on a fully 
loaded private supply. if shunt capacitors are used for 
power factor correction, supply harmonics will give rise to 
increased current harmonics in the capacitor which will also 
increase the neutral current. 


(15.2) Neutral Current/ Line Current Ratio 


As the line current is reduced by the power factor 
correction capacitor the ratio of neutral current to line 
current is increased. Neutral current increases with higher 
capacitive values of the power factor capacitor (see Table 8) 
and it is not, therefore, always desirable to aim for a very 
high overall power factor. An increase in the harmonic 
content of the supply will also result in an increase in neutral 
current. If the !oad is to be mainly discharge lighting, it is 
considered desirable that the current capacity of the neutral 
conductor should be similar to that of the lines. Alternators 
are generally designed to accept a 50 per cent. neutral 
current/line current ratio, and in cases where excessive 
neutral current is encountered it may be limited by the 
introduction of a three-phase interconnected star reactor 
between the lines and neutral of the installation. 

In cases where the harmonic content of the supply is low 
it is generally possimle to reduce the neutral current/line 
current ratio to an acceptable value by introducing a small 
choke in series with each shunt power factor capacitor. The 
flux density in the core of the choke must be fairly low and 
its impedance should be of the order of 20-25 per cent. of 
that of the capacitor at fundamental frequency. 
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Fig. 39. Ballast circuit for internally striped tubes. 
Table 8 
Characteristics of 3-phase circuits 
Neutral 
Overall Line Neutral Line 
Capacitance! Power Current Current Current 
(mfd) Factor (amps.) (amps.) Ratio 
(per cent.) 
0 46 91 ag 19 
8 81 .54 .25 47 
10 91 48 .28 57 
12.5 .96 45 31 69 





Fig. 40a. Various types of chokes. 





Fig. 40b. 40-watt choke of old design with (left) 
new 40-watt Polyester choke. 


Tube | Overall 


Table 9 








jconsumption| Length Voltage 
(watts) (ft) Range 

15 13 100-250 

20 2 100-250 

30 3 200-250 

40 2 100-130 

40 4 200-250 

80 5 200-250 

125 8 200-250 


* Loss per lamp. 


Approximate wattage losses in chokes 


Approx. 
Choke 


Consump- | 


tion 
(watts) 


4* 
4* 
8 
73 
8 
13 
13 


l 
Approx. 
Winding 

Resistance 

(ohms) 


18 
17 
37 
8 
36 
9 
9 
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Table 10 
Capacitors for power factor correction (parallel) 





| Tube 
| Now | Sie 
| | Diam. | Wattage 
(ft.) (ins.) | 
| 200/210 | 8 14 | 125 
| 220/230 8 14 125 
240/250 8 1} 125 
200/250 5 14 80 
200/250 4 1} 40 
200/250 3 1 30 
200/250 2 14 40 
200/250 : 1} 20 
| 200/250 2 13 | 20 
| 105/120 2 13 20 
200/250 “oe 15 
200/250 1} ‘eS 15 
105/120 1} 1 15 
Table 11 


Series capacitors for capacitive circuits 
(Mains voltage 200/250; approx. P.F.—0.5 leading) 








| Single 


Tube | Capacitor | 
Diam. | | Capacit Circuit 
— | in| Wattage | in MED. 
8 14 125 7 | Single 
5 14 80 7 - 
5 1 50 2.7 " 
4 14 40 3.25 ° 
3 1 30 2.7 ss 
2 14 40 7 | Two-in-Series 
2 | 14 20 3.25 Ps 
po4 it 20 2.7 | Single 
14 | 1 15 2.7 Two-in-Series | 
It 1 15 2.7 


(16) Control Gear for Fluorescent Tubes 
(16.1) Chokes 

A choke consists fundamentally of a coil of insulated 
wire wound on a laminated core, this core being provided 
with a small air gap which enables the magnetic character- 
istics to be closely controlled. In most modern designs the 
choke is enclosed in a metal container filled with bitumen 
for mechanical protection and heat dissipation. The design 
of a satisfactory choke involves more than the mere pro- 
vision of suitable magnetic characteristics; it must be 
reasonably quiet in service and its temperature rise under 
fault conditions must be below a safe limit. 

A roughly cubic shape of choke gives the lowest wattage 
loss and when fluorescent tubes were first introduced. 
chokes generally took this form and in the 80-watt size had 
a loss of about 10 watts. The cubic shape did not, however. 
lend itself to mounting in slender fittings and the 
“elongated” type which has about twice the loss of the 
cubic type, was introduced. Within the last few years a 


compromise between the cubic and elongated types of 
roughly “brick” dimensions has been developed, and is 
becoming the standard design. Table 9 shows typical losses 
for modern brick chokes of various ratings and Fig. 40a 
illustrates various types of chokes. 

Chokes are generally manufactured in a series of fixed 





Capacitor | | | 
Capacity Approx Circuit | 
(mfd) PF. | 
20 0.9 Single 
15 0.9 Pr 
15 0.95 ‘5 
TS 0.85 5 
3.25 0.85 ss 
3:25 0.85 . 
1S 0.85 Two-in-Series 
3.25 0.85 9 
4.5 0.85 Single 
5 0.85 3 
3:25 0.85 Two-in-Series 
4.5 0.85 Single 
5 0.85 


” 





Fig. 41. Aroclor capacitors. 


Fig. 42. Radio suppression capacitor. 

voltage ranges 200-210, 200-230, 230-240 and 240-250 volts, 
the particular rating being chosen to agree with the 
“ average ” voltage of the supply mains. ‘“ Tapped” chokes 
covering a wider range of supply voltages are manufactured 
but are inevitably more expensive than the untapped variety 
and unnecessary except in special circumstances. 

So far as the temperature rise of chokes is concerned the 
upper limit of winding temperature for most types is about 
130 deg. C. In practice, under normal operating conditions 
the internal temperature rise is of the order of 40 deg. C— 
a safe margin, but care must be taken when operating chokes 
in abnormally high ambient temperatures. 

A recent introduction in Britain is the polyester type 
ballast employing a thermosetting resin filling which cannot 
melt. The size and weight of this choke (Fig. 40b) are 
considerably less than those of previous designs. 


(16.2) Capacitors 


The capacitors used in fluorescent tube circuits are 
generally of the paper interleaved type and filled with 
petroleum jelly. They are generally of elongated form and 
are of two main types, those for parallel power factor cor- 
rection and those for series operation in leading circuits. 
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Fig. 43. Combined choke and starting transformer 
for 80-watt tubes. 
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Fig. 44. Wiring of unit illustrated in Fig. 43. 
(Inductive). 
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Fig. 45. Wiring of unit shown in Fig. 43. 
(Capacitive). 








Fig. 47. Combined choke, transformer and capacitor 
unit for two 4 ft. 40-watt tubes on lead-lag circuit. 









































Fig. 48. internal connections of control unit shown 


in Fig. 47 





Fig. 46. Split capacitors. 
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Fig. 49. Capacitor type control gear. 


Capacitors for series operation are considerably larger than 
those used for parallel correction as the voltage developed 
across them in the capacitive circuit may be as high as 350 
so that additional insulation must be provided. Tables 10 
and 11 give the recommended values for capacitors for the 
various types of circuits already described. Recently, 
capacitors filled with “ Aroclor” have been developed and 
may supersede the petroleum jelly type. Typical parallel 
and series capacitors are shown in Fig. 41. 

For the suppression of radio interference in circuits not 
employing the conventional starter switch which incorporates 
a capacitor, a small additional capacitor of about 0.02 » F 
capacity is connected across the tube. Such a capacitor is 
shown in Fig. 42. 

(16.3) Instant Start Gear 

The essential components of the normal instant start 
circuit are a choke and transformer which provides the 
requisite cathode preheating current and a suitable voltage 
to start the tube. Modern tendency is to combine the choke 
and transformer in a single unit and in some cases the 
capacitor may be included within the same container. 

Fig. 43 shows a combined choke and starting transformer 
for 80-watt fluorescent tubes, whilst Figs. 44 and 45 show 
the internal connections for inductive and capacitive opera- 
tion. The split capacitor shown in Fig. 46 is necessary in 
order to prevent rectification effects should the tube fail to 
start as described in Part 2. Fig. 47 shows a combined 
choke, transformer and capacitor unit for operating two 
4-ft. 40-watt tubes on lead-lag circuits and Fig. 48 shows 
the internal connections of this unit. 

The capacitive switchless start gear described in Section 
9.5 is shown in Fig. 49. It is available for 5-ft. 80-watt. 
4-ft. 40-watt and 3-ft. 30-watt tubes; gear for other ratings 
is being developed. 

(16.4) Starter Switches 

Starter switches are made in two principal types—glow 
and thermal. The early pattern glow switch made for the 
80-watt lamp only had a standard SBC two-contact cap, 
and was supplied in two voltage ranges, 200/220 and 
230/250. The present standard, glow or thermal, starter 
switch is housed in a four-contact canister (Fig. 50a) which 
also incorporates a radio-suppression capacitor. Incorrect 
fitting of the starter in its appropriate socket is prevented 
by making two of the diagonal cap pins and the two 
corresponding socket contacts of a larger size. 

In the glow-type canister switch, the switch is always 
connected across the large contacts, the two smaller- 
diameter contacts being short-circuited inside the canister. 

In the thermal-type canister switch the switch contacts 
are also connected across the large diameter contacts; the 
heater coil is connected across the two smaller ones. Some 
Starter sockets have a short-circuiting device across the 
contacts BB, which comes into operation when the starter 
is withdrawn, thus maintaining the circuit and keeping the 
lamp alight if it is desired to remove the starter. 

The standard canister ensures that, if the circuit is 
appropriately wired, the glow and thermal starters will be 
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Fig. 50a. Four contact electrically and mechanically interchangeable; it must be 
starter socket. remembered, however, that for certain purposes (for 
example, with two lamps operated in series) thermal starters 
must be used. 
In the glow-type canister switch a single voltage range, 
200/250, is generally supplied, and one type covers the 
3-ft. 30-watt, 4-ft. 40-watt and 5-ft. 80-watt tubes. Several 
different ratings of thermal switch cover the complete range 
of 18-in. to 5-ft. tubes as the current rating of the thermal 
switch heater coil must clearly be suited to the current taken 
by the particular tube with which it is associated. 
Table 12 gives the switch types suitable for operating 
' the various sizes of fluorescent tubes on the different circuits 
| Fig. 50b.(below) Wiring ay aaggee og yi 50b oe the method of wiring 
) of four contact starter e starter socket in the circuit. 
) sockets. (Top, single (16.5) Control Gear for DC Circuits 
: tube circuits; bottom, 3 : 
: capagitor and twin tube The series used on AC has a resistance of only a few 
; circuits). ohms and on DC mains is no longer capable of limiting the 
' current to the designed value. If tubes are to be operated 
ees on direct current supplies a resistor of the appropriate value 
» beats my and current rating must be connected in series with the tube. 
t A choke is necessary in addition to provide the inductive 
8 — CAPACITOR voltage surge to start the discharge. 
: nm a The value of this resistor may be determined from the 
, 
; Vix — 
‘SOCKET Lt oN expression R= —™ — — R, 
t 
t where V,, is the mains voltage, V, and J; are the tube 
e TUBE voltage and current on DC respectively, and R_ is the 
“ resistance of the choke. The value of the inductance is not ; 
“ =— = critical but the optimum voltage surge will be obtained by ’ 
m ‘jouee VOOCTT TSI ; the use of a choke of maximum rating, e.g., 240 or 250V. 
oe cunia The recommended values for the Series resistor on 
. SOCKET —: various DC supplies and for different ratings of tube are 
ss Table 12 
a- : Glow starter switches for AC operation 
in 
‘ Supply Voltage at Starter 
: Tube Rating (AC) Circuit Model No. 
. | e epee ee ee ee ee! eee aes Eee 
NS 1} ft. 15-watt | 200/250 Single tube or two tubes in series S$T25 | 
| 100/130 Single tube ST25 | 
yn 2ft.  20-watt f 200/250 | Single tube or two tubes in series ST25 | 
tt. | 100/130 | Single tube ST25 
gs 2 ft.  40-watt | 200/250 | Two tubes in series ST23 
100/130 | Single tube ST23 
3 ft.  30-watt! 200/250 Single tube ST26 
Ww 4 ft.  40-watt | 200/250 | Single tube ST26 
he Sft. 50-watt 200/250 Single tube (capacitive circuit only) ST25 
ap, 5 ft. 80-watt 200/250 Single tube ST26 
nd 8 ft. 125-watt 200/250 Single tube (capacitive circuit only) - ST23 
ter 16 in. ; : 
ch pe 40-watt 200/250 | Single tube | ST26 
. Table 13 
vim Values of ballast resistance on DC _ 
Resistor Values (ohms) 
; Mains - —————————————_—__—_—— 
= Voltage 1-80 watt | 1-40 watt | 1-30 watt | 2-40 watt* 2-20 watt* 2-15 watt* 
ler- (5 ft) (4 fo) Gf) | Qf (2 ft) (18 in) 
ter. | | 
icts SS SS eee 
the 200 103 208 264 116 182 235 
yme 210 116 235 293 | 128 208 264 | 
the 220 128 267 330 147 235 293 | 
rter 230 147 293 380 147 264 330 | 
the 240 166 330 420 | 166 293 380 | 
250 166 330 420 | 166 330 380 | 
‘> Two tubes in series es 












































illustrated in Fig. 36. 

Operated on direct current, the voltage across a given 
fluorescent tube is somewhat higher and the arc current 
lower than on alternating current. Due allowance for this 
must be made in estimating the value of the series resistor. 
Table 14 shows the nominal tube voltage and current for 
various ratings on both DC and AC. 

Inevitably the overail efficiency of the fluorescent tube 
and its associated controlling equipment is much lower on 
DC than on AC, due to the wattage loss in the necessary 
series resistance. For example, a 5-ft. 80-watt tube on AC 


and its associated choke absorb about 94 watts but on DC 
the total consumption would be from 140 to 175 watts, 
according to the supply voltage. Table 15 shows the wattage 
consumption of the various 
current. 

The ordinary glow-type starter switch is not generally 


tubes operated on direct 
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Table 14 
Relative arc voltage and current on AC and DC 
Tube | DC AC (50 c/s) 
eee —| —— - ee 
| Diam. 
Wattage —_ (ins.) | Vi It Vt It 
15 18 1 60 .25 57 30 
20 24 1s | 65 31 60 35 
.30 36 1 | 110 .27 104 | .34 
40 24 14 53 76 50 | .88 
40 48 1} 117 .34 108 Al 
80 60 14 =| #114 7 106 85 
Table 15 
Power consumption on DC 
Rated Nominal Total Power Consumption on DC 
Tube Tube - 
Wattage Length 200v. 230v 250v. 
15 18 ins. 50 watts 57 watts 62 watts 
20 2 ft. 62 watts 71 watts 77 watts 
39 3 it. 54 watts 62 watts 67 watts 
40 2 ft. 152 watts 175 watts 190 watts 
40 4 ft. 68 watts 78 watts 85 watts 
80 Dat. 140 watts 161 watts 175 watts 
Table 16 
Tungsten lamp ballast ratings 
Ballast Mains Voltage | 
Type of Lamp 
Tube Rating 200/210 220/230 240 ~«. 250 
4 ft. 40-watt Volts 115 140 151 162 
Straight Watts 49.5 60 65 70 
Lumens 520 635 685 735 
40-watt Volts 117 142 150 160 
Circle Watts 70 80 80 80 
Lumens 705 845 850 865 
shown in Table 13. A _ typical wire-wound resistor is suitable for use on DC due to its asymmetric construction 


which may make ignition difficult on one particular polarity. 
Apart from this consideration glow switches have a higher 
striking voltage on DC than on AC. For these reasons, 
therefore, thermal switches, which are current operated, are 
recommended, the switch rating being selected to suit the 
appropriate tube current as shown in Table 14. Suitable 
thermal starters for use with various tube ratings are as 
follows : — 
Starter Switch 


Tube Reference 
5-ft. 80-watt ST.23 
5-ft. 50-watt ST.24 
4-ft. 40-watt ST.24 
3-ft. 30-watt ST.24 
2-ft. 40-watt ST.23 
2-ft. 20-watt ST.25 

18-in. 15-watt ST.25 
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Fig. 51. Transformer 
for 40-watt TLC 


circuit. 





(16.6) Tungsten Lamp Control 
(16.6.1) FOR 4-FT. 40-WATT STRAIGHT FLUORESCENT TUBES 


Mention has already been made of tungsten lamp control 
(TLC) circuits applied to both straight and circular 
fluorescent tubes The electrode heating transformer for 
use with 40-watt straight or circular tubes is illustrated in 
Fig. 51 and may be used with one or two tubes. 

The tungsten ballast lamps used in TLC circuits have 
a designed average life of 2,500 hours and are specially 
rated to provide correct starting and running conditions for 
the fluorescent tube. These ballast lamps are generally 
fitted with 3-pin BC caps to prevent insertion in ordinary 
tungsten lamp sockets. They may be obtained with pearl 
bulbs or internal reflector bulbs. 

The ballast ratings for different mains voltages and for 
operation with straight 4-ft. 40-watt or 40-watt circular 
fluorescent tubes are given in Table 16. 














(16.6.2) FOR 40-WATT CIRCULAR FLUORESCENT TUBES 


The principle of the earthed starting stripe on the straight 
tube could not be applied to the circular lamp owing to the 
practical difficulties of attaching the wire to the curved wall 
of the tube. Reliable starting over a wide range of mains 
voltage and ambient temperature variations is achieved 
by:— 

(1) Making provision for adequate cathode heating 
current. This is done by an instant start transformer, the 
primary of which is connected across the tube instead of 
across the mains as in the straight TLC circuit. The 
tungsten ballast lamp is connected in series with the primary 
of the transformer, and this arrangement allows additional 
cathode heating current at starting without the danger of 
excessive cathode temperature once the lamp has started. 

(2) An insulated conductor of sufficient cross-sectional 
area held in close proximity to the curved wall of the tube. 
On 220/250V supplies this starting wire is connected to the 
neutral terminal of the supply, and on 200/210V supplies 
it is connected to a special transformer tapping which is 
some 50V below neutral potential. A feature of this 
arrangement is that it ensures reliable starting in cases where 
no direct earth connection to the fitting is available, though 
an earth connection is desirable in the interests of electrical 
safety. 

(3) Coating the fluorescent tube with a water repellent 
medium to reduce the effect of humidity on the striking 
voltage. 

Four tungsten ballast lamps cover the voltage range 
200/250V. These are supplied in the standard 60-watt pearl 
bulb and fitted with 3-pin BC caps as in the case of 
ballasts for the straight tube TLC circuit These are 
specified as ballasts numbers 5 to 8 to distinguish them from 
types 1 to 4 used with the straight tube. The estimated 














Table 17 
Overall efficiency of 40-watt TLC circuits (circular tube) 
| Supply Voltage 200/210 220/230 240 | 250 
a ee ee = ee 5 ee a | = 
Ballast Lamp Rating Volts 117 142 150 160 
Watts 70 80 80 80 
Lumens 705 | 845 850 865 
Fluorescent Circle Watts 40 40 | 40 — 
Lumens 1,510 1,510 | 1,530 1,530 
sea = i (6 A eBete Sa etoee dS ‘naan 
Transformer Losses Watts (approx.) 4.0 4.0 2.0 1.0 
Total Watts 114 =| = 124 122 121. | 
Total Lumens 2,215 2,355 i 2,380 2,395 | 
Overall efficiency (Lm w) 19.5 19.0 19.5 19 | 
Table 18 


Efficiency and ballast ratings for MCFB/U 4 ft. 40-watt tube 


Ballast Rating 


Mains 
Volts Volts Watts Tube 
225 140 70 2,080 
240 150 75 2,080 
2,080 


250 160 80 


*Warm white. 


Initial Lumens* 


MCFB/U tubes are also available in 2 ft. 20-watt size. 


Total Total Overall 
Lumens Watts Efficiency 
Ballast (Lm/w) 
847 2,927 110 26.6 
908 2,988 115 | 26.0 
968 3,048 120 | 25.4 
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Fig. 52 Instant start circuit for 5 ft. 50-watt tube. 


average life of these lamps is 2,500 hours under normal 
conditions. 

The rating of the ballast lamps has been designed to 
operate the fiuorescent circle at closely 40 watts and io 
obtain the maximum lumen ovtput from the combination. 
Table 17 shows the expected lumen output and overall 
efficiency for the four voltage ranges covered. 


(16.6.3) COLD STARTING 


The arrangement described in Section (10) utilises a tube 
with an internal conducting strive and a tungsten ballast 
lamp connected in series. This type of circuit (popularised 
as “ Gearless *) is probably the simplest circuit for operating 
a fluorescent tube. A standard type of fluorescent tube 
cannot, however, be employed and the life of the tubes, due 
to “cold starting,” will inevitably be shorter than that of 
a normal tube operating on a “ pre-heat ” circuit. 

Table 18 shows the rating of ballast lamps for various 
circuit voltage and the overall efficiency of the arrangement. 


(16.7) Control Gear for 5-ft. 50-watt Fluorescent Tubes 


Owing to the rather high arc voltage associated with the 
l-in. diameter 5-ft. 50-watt tube it is not possible to operate 
it from 200/250 volt mains with straightforward choke con- 
trol. A capacitive (leading) circuit may be used in conjunc- 
tion with a 30-watt (thermal) starter switch. The appropriate 
control circuit for instant start is shown in Fig. 52. 


(17) Radio and Television Interference 
(17.1) The Cause 


Electric discharges tend to generate high-frequency 
oscillations which may cause interference with radio or 
television receivers. The noise caused by the interference is 
rather like a rapid “frying” or crackling. Once the inter- 
ference begins it seldom ceases until the tube is switched off, 
but a tube which has previously caused interference is often 
free from it when first switched on again. The fundamental 
causes of radio interference from electric discharges are by 
no means fully understood although a great deal of research 
work has been done on the probiem. Tubes which have 
been in use for a ccnsiderable period are generally more 
prone to cause interference than new tubes, but the existence 
of interference is not necessarily an indication that a tube is 
approaching the end of life. 
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Fig. 53 Three possible radio interference suppressor circuits, 


Interference is divided into two types, that which is direct 
etheric interference from the tube to the aerial, and that 
which is carried by the supply mains. With the first, the 
strength of the interference falls off rapidly as the distance 
between the receiver and its aerial is increased and is usually 
negligible at distances greater than 15 feet. 

Radio receivers vary considerably in sensitivity and inter- 
ference which is intolerable with one set may be negligible 
with another in the same situation and tuned to the same 
broadcast. Generally speaking, interference from fluorescent 
tubes is most noticeable on the medium wave band 200 to 
500 metres. It also follows that where an inefficient aerial 
system is in use, and where the sensitivity of the receiver 
must be boosted to compensate for this, interference is more 
likely to be experienced. This is particularly true of indoor 
aerials, where a screened aerial lead is of advantage. 


(17.2) Suppression 


The first step when investigating complaints is to ascertain 
if the interference is actually due to a particular tube or 
group of tubes. Switching a tube off and on again may 
temporarily eliminate the interference but it usually recurs 
after a short time. It will also be necessary to ascertain 
whether or not the suppression capacitor is in circuit and 
operating. This can easily be ascertained by connecting a 
new capacitor of approximately 0.02 pF capacitance in 
parallel with the suspected one and noting any reduction in 
the interference level—it is not necessary to remove the 
suspected capacitor in this test. 

If the interference still persists the next step is to deter- 
mine whether it is mains borne or is being picked up by the 
aerial lead. A small battery-operated receiver is ideal for 
this purpose, and if when connected to the existing aerial 
lead, interference is still present, it is etheric in character 
and may be eliminated by screening or re-routing the aerial 
lead. Anti-interference aerials are available. 

Etheric interference may sometimes be eliminated by 
disconnecting the earth lead from the set (if this does not 
result in too great a diminution of signal strength) or by 
re-routing the earth lead. 

In addition to the above remedies which are associated 
with the receiver and its associated aerial/earth system, the 
fitting itself may be surrounded by a } in. to 1 in. woven 
wire mesh electrically bonded to a good earth. Such a solu- 
tion may, however, be unacceptable as being unsightly. 

If the interference is mains borne it may be necessary to 
fit some form of mains filter across the terminals of the 
fitting or of the receiver or both. Fig. 53 shows three 
possible types of filter arrangements: (A) consists of ,two 
0.1 ,F capacitors centre tapped to earth; in (B) two | mH 
chokes, each capable of carrying the full circuit current, are 
used; arrangement (C) is somewhat more elaborate. It 1s 
difficult to say which of these filters is the most effective. 
and it is suggested that they be tried in the order shown 
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PART 3: 


TESTING 


AND 


(18) Testing Fluorescent Tube Circuits 


The satisfactory operation of a fluorescent tube is clearly 
dependent on its operating under the conditions for which 
it was designed. If the appropriate choke coil is used for the 
average mains voltage concerned, the tube should consume, 
at least on normal switch-start circuits, a power very close 
to the rated tube watts; this can be derived from the product 
of tube watts, current and a form factor of approximately 0.9. 

The accurate measurement of tube watts in switchless 
circuits employing transformers which provide continuous 
electrode heating is considerably more difficult. One method 
is to subtract the estimated losses in the auxiliary gear from 
the total circuit watts, but generally speaking, it will be 
sufficient guide to measure the actual tube voltage and 
assume, if this is normal, that the tube wattage is also 
normal. The circulating current in the electrodes both at 
starting and running should, of course, be within the limits 
specified by the tube manufacturers. 

On switch-start circuits the starting and running condi- 
tions of fluorescent tubes and control gear may be measured 
under actual working conditions with a simple adaptor with- 
out any alteration to the fitting or wiring. One form of 
adaptor is shown in Fig. 54 and consists of a small switch 
block with an inset canister socket, four insulated terminals, 
and two press switches. The adaptor is wired up as shown 
in Fig. 55, one of the press switches being normally open 
circuited and the other short-circuited in the “ off” position. 

Two sets of leads may be required, one for use with 
fittings using canister-type starters and one for fittings made 
for use with the now obsolescent SBC starter and tubes with 
BC caps. The former consists of two canister starters with 





























Fig. 54. Simple adaptor for testing starting and 
running conditions of fluorescent tubes and con- 
trol gear. 
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Fig. 55. Wiring for adaptor illustrated in Fig. 





for testing 80-watt 





MAINTENANCE 


the switches and suppression capacitors removed (Figs. 56a 
and 56b). For testing 80-watt tubes with bayonet caps and 
SBC glow starters, the lead consists of a canister starter with 
switch and radio suppression capacitor removed, BC and 
SBC adaptors and BC holder (Figs. 57a and 57d). 

It will be seen from Fig. 55 that the function of the press 
switch ‘A’ which is normally open, is to short-circuit the 
usual glow starter switch contacts: when pressed 
and released after a few seconds the switch acts as a 


Fig. 56a. Test lead 
for fittings having 
canister type 
Starters. 





Fig. 566. Wiring of 
test lead shown in 
Fig. 56a. 














Fig. 57a. Test lead 


tubes with bayonet 








caps) and SBC 
glow starters. 

To S.B.C. ADAPTOR 
Fig. 57b. Wiring 


diagram for test 
lead shown in Fig. 
S7a. 


To B.C. ADAPTOR 








| To 8.0. HOLDER 
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Fig. 58 (left). 
Fig. 59 (right). 


“manual” starter and strikes the tube. The press-button 
switch * B’ is connected across the ammeter and is normally 
closed. It must, therefore, be depressed for current readings 
to be taken and acts as a safety shunt to the meter as well 
as completing the circuit when the meter is not connected. 

To measure the operating characteristics of tubes used 
with canister-type starters, the test canister at one end of 
the test lead is inserted into the socket on the adaptor panel 
and the canister at the other end is inserted in the starter 
socket in the fitting, the tube being in place in the fitting 
but the normal starter being removed. Readings are taken 
as follows :— 

Mains Volts. When the mains are first switched on to 
the fitting a voltmeter connected across the volt 
terminals on the test panel will register mains volts. 

Lamp Volts. If switch ‘A’ is pressed and then released 
after about two seconds the lamp should strike and the 
voltmeter will then register the voltage actually across 
the tube. 

Starting Current. If switch ‘B’ is pressed at the same 
time as switch ‘A, an ammeter connected between 
the amps. terminals on the test panel wiil register 
the tube starting current. 

Running Current. When the tube is running, the running 
current may be read on the ammeter by pressing 
switch * B’ alone. 

The second set of leads, for use with the 80-watt tubes 
with bayonet caps and glow starters with SBC caps, is used 
in a similar way. Connection at the fitting end is made by 
inserting the SBC adaptor into the SBC starter socket, dis- 
connecting the BC holder from one end of the tube and in- 
serting in it the BC adaptor, and finally placing the BC 
holder on the lead on the free end of the tube. The proce- 
dure for measuring the lamp characteristics is then the 
same as that already described. As there are two ways of 
putting the test lead BC adaptor into the lamp-holder on 
the fitting, it may be found that no running current is indi- 
cated. In this case the ammeter is actually connected on the 
starter side of the tube instead of being connected on the 
mairs side of the tube and the BC adaptor must be reversed 
to obtain a current reading. 

An improved type of adaptor is illustrated in Fig. 58. 
This is constructed on the lines described above but includes 
the refinement of a change-over switch for volt or ampere 
readings for use with a universal meter. It also has several 
different types of starter socket wired in parallel with the 
four-way lead so that various starters may be tried out on 
the bench without the necessity of climbing up and down 
to the fitting under test. 

The approximate lamp operating characteristics for all 
ratings of lamps in inductively controlled circuits are given 


A fluorescent lamp test set. 
Adaptor for short circuiting bi-pin lampholders. 
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in Table 3. In capacitatively controlled circuits the tube- 
starting current is materially the same as the running cur- 
rent. It must be remembered that the tubes take a few 
minutes to achieve complete stability, particularly if the 
ambient temperature is low. 

The power factor of an uncorrected tube circuit, due to 
the inductance of the choke coil, is approximately 0.5 ; the 
tube and mains current will be as quoted in Tables 3 and 4. 
When the power factor is corrected by means cf the recom- 
mended capacitor the lamp current will be unaltered, but 
the mains current will be reduced. 

Where the tube attempts to strike but will not remain 
alight it is helpful to know the operating conditions, as the 
fault may be due to (1) low mains voltage ; (2) correct mains 
voltage but abnormally low tube current due to incorrect 
gear ; (3) faulty starter switch, or (4) faulty tube. (1), (2) 
and (3) may be checked by the method described above. 

If the tube has failed by passing excessive current, it is 
inadvisable to install a new lamp before checking the circuit 
conditions. This is done by short-circuiting the two lamp- 
holders in the fitting concerned and measuring : (°° the short- 
circuit current of the choke coil ; (b) the voltage across the 
starting switch. Convenient adaptors for short-circuiting 
the lampholders can be made from (a) BC adaptors for use 
with BC tubes, or (b) bi-pin caps short-circuited between the 
pins and mounted as in Fig. 59 for bi-pin tubes. 

The short-circuit current should not materially exceed the 
rated starting current of the tube ; if it does, or if the circuit 
fuse is blown, there is probably a fault in the choke coil or 
an earth fault in the wiring. If the voltage across the starting 
switch is greater than the mains voltage, the power factor 
capacitor is connected across the tube and not across the 
mains, thus forming a partially resonant circuit. If there is 
no reading on the voltmeter there is probably an open circuit 
which may be due to (1) a disconnection in the wiring, or (2) 
a broken tube electrode. 


(19) Servicing 
(19.1) General 


Although the servicing of a fluorescent tube installation 
is not quite as simple as that of a tungsten-lamp installa- 
tion it should present no serious difficulties. Minor faults 
in the circuit and control gear sometimes occur, but the only 
likely difficulties—namely, those due to the mains voltage, 
ambient temperature, the tube itself, its control gear or some 
maladjustment thereof—are those described in this guide. 
Generally speaking, such faults are comparatively simple to 
trace and remedy. 

A circuit which is not operating properly should be dis- 
connected from the supply until the defect can be remedied; 
if several tubes are operating from the same circuit switch 
the tube giving trouble should be removed and the particular 
circuit locally isolated. A new tube should not be tried in a 
circuit which has been operating abnormally unless it has 
been established that the circuit itself is not faulty or until 
the original fault has been rectified. Some manufacturers 
are now supplying fittings incorporating replaceable fuses. 

Abnormal operation under low ambient temperature 
conditions has been dealt with in Section (4.8), but trouble 
from this cause alone is infrequent, as low temperatures, at 
least in this country, are generally associated with low mains 
voltage due to the increased total cable loading. As the mains 
voltage falls, the current through the tube is decreased and the 
voltage across the tube rises. If the tube is operated with a 
glow-type starter under such low mains voltage conditions 
the voltage across the tube and starter may rise to a value 
sufficient to cause reclosures of the starter contacts, resulting 
in continuous “ blinking.” Alternatively, if a thermal-type 
starter is being used the reduction in tube current, and hence 
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Table 19 


Tracing faults in lamps in service 


(A) TuBE ATTEMPTS TO STRIKE 


(B 


(C 


— 


) 


(1) Tube (a) 


(b 


— 


(2) Starter (a) 


(c) 


(3) Control 
gear (a) 
(b) 


(4) Wiring (a) 


Life expired 
Faulty tube 


Contacts break too quickly (glow or thermal 
types) 

Low extinction voltage (glow type) 

Incorrect rating of starter (thermal type) 


Incorrect choke or choke tapping 
Incorrect capacitor in capacitive circuit 


Heater coil and switch contacts of thermal 
type switch reversed 


TuBE ELECTRODES GLOW CONTINUOUSLY 


(1) Tube (a) 
(b) 
Starter (a) 
(b) 
Control 
gear 


(2) 


(3) 
(a) 


(b) 
(c) 


(4) Fitting (a) 


With switchless start control gear wrong 
type of tube installed 

Stripe on striped tube not earthed 

Switch contacts stuck together 

Suppression capacitor broken down 


Suppression capacitor broken down (switch- 
less circuit) 


Insufficient electrode heading (switchless 
circuit) 
Incorrect values of circuit component 


(switchless circuit) 
Fitting not earthed (switchiess circuit) 


TUBE WILL NOT ATTEMPT TO STRIKE 


(1) Tube (a) 
(b) 
(c) 
Starter (a) 
(b) 
(c) 
(d) 
(e) 
(f) 


(2) 


Control 
gear 


(3) 
(a) 
(b) 
(c) 
Wiring (a) 

(b) 

(c) 


(4) 


Broken electrode 

Cracked tube 

Faulty tube 

High striking voltage (glow type) 

Broken bi-metal (glow or thermal types) 

Cracked bulb 

Open circuit in heater coil (thermal type) 

Wrong rating of starter (thermal type) 

Heater coil in contact with bi-metal (thermal 
type) 


Open circuit in choke 

Open circuit capacitor (capacitive circuit) 
Faulty transformer (switchless circuit) 
Disconnect in wiring 

Bad contact in lampholders or sockets 
Incorrect wiring 





Fig. 60. 


End blackening of fluorescent tubes. 









the current through the heater coil of the starter due to the 
low mains voltage, may result in reclosure of the switch 
contacts. It is also possible that the reduced tube current 
will be insufficient to keep the electrodes up to emissive 
temperature, resulting in unstable operation apart from 
irregular operation of the starter switch. 

Assuming that the external conditions are sensibly normal 
a tube may (A) attempt to strike; (B) glow continuously at 
the ends, or (C) may not attempt to strike at all. The possible 
sources of trouble in the three cases are given in Table 19. 


(i9.2) Tubes 


The most likely cause of tube failure is that it has had 
its normal life. As has already been mentioned, the active 
electrode coating is necessary for starting and maintaining 
the discharge. When a tube is nearing the end of its life 
this electrode coating is nearly exhausted but the electrodes, 
still being electrically intact, complete the circuit through 
to the starting switch. The switch contacts, therefore, open 
and close, and the voltage surge causes a momentary 
“blink ” in the tube, but, because the electrode coating is 
exhausted, the discharge through the tube is not maintained. 
This cycle is then repeated by the continued periodic opera- 
tion of the starting switch, and there is a periodic “ blinking,” 
usually accompanied by a shimmering effect in the discharge. 
A further indication that a tube is nearing the end of its life 
is the deep orange-coloured glow of one or both electrodes. 

At the end of their life fluorescent tubes generally show 
a dense blackening at one or both ends, either in the form 
of general blackening or as a clearly defined ring near the 
electrode. This end blackening is progressive throughout the 
life of the tube, and Fig. 60 shows examples of a typical tube 
before use, at 1,000 hours, 2,000 hours, and at the end of 
life. Sometimes also, dark streaks or small dark patches may 
appear along the length of the tube. This is due to conden- 
sation of the mercury vapour on the lower, and therefore 
cooler, part of the tube. Rotation through 180 deg. will 
give a more favourable position for evaporation. 

Cracked tubes and broken electrodes should be obvious 
from visual examination or by testing the electrodes with 
any normal form of continuity tester. If only one electrode 
is broken a faint glow at this end of the tube may be noted, 
as some of the mains voltage will exist across the broken 
ends. 

If the tube is faulty from other causes it will probably 
try to start in a similar manner to a lamp which has had a 
normal life and whose electrode coating is exhausted. 


(19.3) Starting Switches 
(19.3.1) GLOW TYPES 

The satisfactory operation of the glow starter switch 
depends on its voltage and time characteristics. For example, 
if the “ striking voltage ” of the glow switch is too high, the 
switch contacts will not close and the lamp discharge will 
not start. Again, if the “ extinction voltage ” of the switch is 
too low, the switch contacts will tend to close after the tube 
has struck, causing periodic blinking. The switch will also 
tend to close if the voltage across the tube is abnormally 
high, either due to low mains voltage or to the use of in- 
correct ballasting. 

If the switch contacts, through some fault or incorrect 
spacing of the bi-metal strip, operate too quickly, the tube 
electrodes may not have time to heat up before the switch 
contacts open again, producing repeated flashing and 
accelerated dissipation of the electrode coating. On the other 
hand, if the switch contacts onerate too slowly, the tube 
electrodes will be unnecessarily overloaded. Clearly, there- 
fore, the “relative ease” of the start is important and a 
switch that does not start a good tube in a few seconds should 
be replaced. 
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A normal switch will, however, outlive several tubes, and 
whilst the lamp life is to some extent influenced by the total 
number of switchings throughout life, the lamp may be 
switched many thousands of times before any substantial 
effect on switch performance is likely to be noted. 


(19.3.2) THERMAL TYPE 

As with the glow switch, the thermal switch contacts must 
not break too quickly, or the electrodes will have insufficient 
time to become incandescent; also, the thermal current rating 
must correspond to that of the tube. Thus a thermal switch 
suitable for a 20-watt lamp may operate too quickly with a 
40-watt lamp and an 80-watt thermal switch may not oper- 
ate at all on a 40-watt circuit. Use of an incorrect rating 
may also result in the heater coil burning out. Continuity 
of the heater coil may be checked across the smaller pair of 
contacts of the canister-type switch. 


(19.4) Chokes and Capacitors 

Intermittent working or bad starting may be due to the 
wrong value of inductance or capacity in series with the tube. 
As the tube current is controlled by series equipment, too 
low a series impedance will result in overloading of the 
tube and auxiliaries and too high a value of impedance will 
result in inadequate current and uncertain operation. The 
starting and operating current should, therefore, be measured 
if the control gear is suspected. 

An open-circuited capacitor connected in series will, of 
course, result in non-striking of the tube, but if connected 
in parallel, will only be obvious if the mains as well as the 
tube running current is measured. Capacitors should take 
about 72 mA per pF at 230 volts, and can be tested by 
connecting them across the mains with a meter in series. 

Short circuits in chokes and capacitors, though rare, can 
have more serious effects as previously mentioned. A short 
circuit or partial short circuit in a choke is best checked by 
connecting the suspected choke in series with a similar choke 
across the mains and measuring the division of voltage 
across the chokes. A normal choke of any particular rating 
may be connected directly across the mains and the current 
taken should not be materially in excess of the tube starting 
current. 


(19.5) Wiring Faults 

An earth fault in the wiring of a fluorescent fitting can 
cause complete destruction of one or both tube electrodes, 
the starting switch, and damage to the choke coil itself. The 
effect of this fault will, of course, depend on the particular 
position of the earth in the circuit and the manner in which 
the phase and neutral leads are disposed. A tube overloaded 
in this manner generally shows quite clear visual indications: 
the electrodes are blown off, the lead-in wires are fused and 
the electrode coating volatilised on the tube walls. 

Because, during the starting period, momentary voltages 
of the order of 800 to 1,000 may be produced, breakdown 
may occur in the wiring or in the radio suppression capacitor 
if the insulation of these components is poor. Breakdown 
of the latter may cause a short circuit across it which will 
short circuit the tube in which case the electrodes will glow 
continuously and the tube will make no attempt to start. 

If the choke coil is connected in the neutral of the mains 
supply an earth fault on the wiring between the choke and 
the tube or on the wiring associated with the starter switch 
will short circuit the choke so that there is no limit to the 
current and the tube electrode and starting switch will be 
damaged or destroyed. On the other hand, if the choke is 
connected in the phase lead an earth fault will place the 
choke across the mains, which will slightly overheat the 
choke, but as the choke is still limiting the current to some 
extent, the electrodes or the starting switch will not be seri- 
ously damaged if the circuit is switched off in reasonable time. 

It is recommended, therefore, that the choke should be 
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connected in the phase lead of the supply. If it is suspect d 
that a previous tube failed through an overload, the fittii g 
should be checked over for earth faults before a new tube 
is installed. 

If the tube in the capacitive branch of the twin-tu>e 
circuit is connected across the capacitor, catastrophic over- 
loading will occur due to a high resonance voltage develc )- 
ing across the capacitor. The same effect is produced by 
connecting the ordinary parallel PF capacitor across the tube 
instead of across the mains. 

It is important to ensure that the heater coil of a thermal 
starter is wired between the choke and tube electrode aad 
not between choke and mains lead. In the latter case the 
surge voltage is applied between heater and switch contacts 
and is likely to cause switch breakdown. 


(19.6) Premature Blackening 


Excessive blackening of the ends of the tube occurring 
early in life indicates that the electrode coating is being 
dissipated too rapidly owing to abnormal operating condi- 
tions, which may result from any of the following causes :— 

(1) Overloading due to excessive mains voltage. 

(2) Overloading due to incorrect choke or capacitor or 

defects therein. 

(3) Defective starting switch causing tube to blink on 

and off or prolonged flashing at starting. 

It must be remembered that low voltage and ambient 
temperature conditions will cause bad starting, and bad 
starting, if prolonged, will result in premature blackening. 

The choke rating and average mains voltage should be 
carefully checked and, if necessary, the starting switch 
replaced. A fault in a choke coil is rare, but when it does 
occur it is sometimes not easily traced by visual inspection. 
A serious fault may give rise to burnt insulation or seepage 
of the wax through the metal container. 


(19.7) The Disposal of Spent Fluorescent Tubes 

Because the tubes are evacuated, breakage by accident or 
design results not only in the usual danger from breaking 
glass but from flying glass splinters. The inrush of air will 
also disperse the powder, and whilst most fluorescent tubes 
are coated on the inside with a powder which does not 
constitute a hazard when the tube is broken up, it is 
obviously undesirable to create a lot of dust. 

All this can be avoided quite easily with tubes having 
bi-pin caps by holding the lamp vertically and striking the 
opposite end against the bottom of a dustbin or other 
container. It must be struck sufficiently hard to push the 
base pins through the glass and thus destroying the vacuum. 
Tubes having BC caps cannot be treated in this manner. To 
destroy the vacuum the shoulder of the lamp (where the 
glass meets the cap) should be tapped smartly with a file or 
thin metal road. To eliminate any danger from boken glass 
the end of the lamp should have a rag wrapped round it. 
In both cases air is admitted and eliminates the possibility 
of flying glass splinters and powder dispersion caused by the 
collapse of the tube. The glass tube can then be smashed 
up piece by piece with a metal rod. 


(20) Conclusion 

The art of fluorescent lighting and the continually chang- 
ing fashion in tube types and circuits renders it difficult, if 
not impossible, to be certain that much of the data contained 
in this guide is current or indeed correct. It is, however, the 
hope of the authors that it will be at least a “ guide” in a 
subject which has so many different facets. 

It has not been possible to include gear made by, and 
data published by, all and every different manufacturer of 
tubes and equipment, but it is hoped that the information 
provided is representative. 
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HOME LIGHTING 


The outside of the house 


A CLOSE relationship between indoor and outdoor 

space raises problems of artificial lighting which 
are not always apparent to architects. So often, the day- 
time effect of a striking modern home in Britain or 
America is spoilt at night. In spite of the current vogue 
of attractive lighting fittings, there is little attempt to use 
artificial lighting to make the inside and the outside of 
the house act together. It seems a pity to “bring the 
garden into the house” or “extend the house into the 
country ” only during the day, for there is a growing ten- 
dency to use the garden as an extra room, even in Britain’s 
fanciful climate. 

“ Active” outdoor pleasures may be for the few, but 
the extension of view at night can be enjoyed by all. 
There are, of course, many evenings when we draw the 
curtains to shut away the rain and cold outside, but there 
are also many lovely long spring, summer and autumn 
evenings when it is a delight to relax in a garden, or to 
view the garden from the comfort and warmth indoors. 


The Approaches and Entrance 


The entrance to a house has always been of impor- 
tance. In the past it has generally derived scale and 
significance from decoration and moulding. The entrance 
to a modern house is rarely imposing, but it should be 
welcoming, so that on arrival or return there is an air 
of warmth. This atmosphere is often easy to provide, 
particularly where the hall itself is clearly visible through 
translucent panels. So long as the back wall of the hall 
is well lit, the hall will appear bright and, if the trans- 
lucent panel extends to floor level, there should be 
sufficient “ spilt ” light to illuminate the area immediately 
outside the door. If there is not sufficient light a small 
lamp (60-100 watt) should be used for this purpose, in 
a fitting that conceals the lamp from normal approach 
angles. 

If there is a porch, it is again easy to add emphasis 
and create a sense of welcome. The level of illumination 
on the ground below the porch should be between the level 
indoors and the level outdoors—say 1 Im/ft?, and it is 
important to light the underside of the porch. A good 
example of porch lighting is seen in Fig. 1: a concrete 
arch acts as a porch and, at night, to lend emphasis to 
the approach, it is lit by two inverted reflector fittings 
con'aining small tungsten filament lamps. 

f there is a drive, it can be lit by small path-lighting 
columns such as those used at the Detroit plant of General 
Mo’ ors (Fig. 2). These fittings, which are 3 ft. 6 in. high, 
ligh’ an area about 60 ft. diameter. Reduced to domestic 





*Con ultant architect to the A.E.I. Lamp and Lighting Co., Ltd. 





The concluding part of a series by Derek 
Phillips, M.Arch. (M.L.T.), M.C.D., B.Arch. (L’pool), 
A.R.L.B.A* Throughout the series, sketches of 
suggested schemes have been by the author. 


scale, they would give sufficient light on a drive for safe 
walking at night. 


Not to be forgotten, though they present little difficulty, 
are the back door, or the tradesmen’s entrance, the garage 
and the outhouses. 


The Gardens 


For the lighting of the gardens, innumerable lessons 
can be learnt from the lighting of public gardens—in parti- 
cular, perhaps, the Tivoli Gardens in Copenhagen. Here 
co-operation between the landscape architects, the build- 
ing architects and the lighting engineers has produced a 
wonderland of magic. The most important lesson is 
delicacy of touch, typified by the treatment of a small 
walled garden full of wooden fountains. Each fountain 
has three miniature lamps set into the side of the wooden 
bowl and aimed to give a small crossed beam at the apex 
of the spout of water (see Fig. 3). Another example is the 
hanging baskets of flowers which are lit from above (by a 
simple louvred fitting) and around the edge so that the 
flowers are illuminated, as are the cylindrical sides of the 
baskets. The vertical wooden slats which shield these 


baskets appear in silhouette (Fig. 4). 

Fig. 5 shows a simple solution to the problem of lighting 
the garden of a house whose owners wished to have a “ flow 
of space ” between the inside and the outside. A composite 
lighting fitting has a main reflector, giving upward light to 
the underside of the canopy above the “ outdoor room,” 


























Fig. 1. Porch of house at Carlisle (Architects, Ryden and Yates), 
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Fig. 2, pathway light, 

3 ft. 6 in, high, at General 
Motors Technical 
Centre, Detroit. 





while a second reflector gives a direct component of light 
to the group of chairs and tables below. 

Fig. 6 is a more elaborate scheme in which 50 lamps 
with a total rating of about 5 kw, were used. The main 
lighting of the sitting area comes from a plastic “ bubble 
fitting ” containing three 75-watt lamps. Light for the 
translucent screen comes from 21 reflector lamps trained on 
it from behind, some of these lamps having coloured filters 
so that the colour of the screen can be changed. Other 
fittings include wall brackets, standard lamps, floodlights, 
and single and double mushroom fittings for lighting the 
flowerbeds. 

Each garden or landscape has its own problems but, 
as a basic method of approach, I suggest the following :— 


i. Draw a plan of the garden, marking in the per- 
manent plants and shrubs, their heights, etc. 

ii. Plan a permanent electrical circuit to take in the 
areas in which a permanent lighting scheme is 
contemplated. 

iii. Allow for a degree of flexibility, by the provision 
of weatherproof plug points where it is likely that 
additional lighting may be needed. 

iv. Choose a scheme of lighting which is in scale with 
the architecture and the landscape—a little goes a 
long way. 

v. Attempt to arrange for lighting units to be placed 
at different distances from the normal viewing point. 
This arrangement will add the perspective which is 
generally lacking at night, and add to the desired 
effect of extending the view. 

Equipment for garden lighting is more easily obtained 
in the United States than in Britain, but a demand will 
almost certainly create a supply, as it is easy to produce 
simple weatherproof equipment. Most light sources can be 
used, tungsten being usual for flower beds, as it gives the 
closest approximation to the colour rendering we expect 
from flowers at night. Coloured filters and mercury- or 
sodium-vapour lamps can be used to emphasise trees or 
distant objects. 

A hypothetical scheme embodying some of these 
ideas is shown in ig. 7. The plan indicates a typical 
modern garden, about 50 ft. long. The perspective (a 
view from the terrace) attempts to show the effect that 
might be created by the following installation : — 

i. Terrace: 150-watt reflector floods mounted below 
the eaves of the house. 
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ii. Pond: 3-ft. 30-watt 1-in.-dia. fluorescent lamp; 
mounted below overhanging edges. Capable oi 
being withdrawn for maintenance. 

iii. Dividing fence: Single 200-watt reflector flooc- 
light trained along the fence at an angle fror 
right to left. 

iv. Flower bed : 75-watt tungsten lamps in mushroora 
fitting. 

v. Tree: Blue fairyland strip (15-watt lamps). 

(N.B.: i, ii and iii constitute the permanent installa- 

tion ; iv and v would be flexible and could be altered 
whenever required.) 


The Internal Lighting 


The need to prevent “views through the windows 
after dark from being marred by unpleasant reflections ” 
has been stressed previously (Article 2. Light and Light- 
ing, March, 1957, p. 91). If the garden is very bright there 
is no difficulty ; usually, however, gardens are not very 
light and, if the windows facing the gardens are closed, 
any bright area of the room—particularly a light source 
—will be seen mirrored in the glass. In fact, you cannot 
have your cake and eat it: if light is required in the room 
it is difficult to avoid reflections. It is helpful if the 


sources can be shielded, as reflections then depend on 
the reflection factor of the furnishings. 

When television is being used the screen should be 
turned away from the window. 


It is then possible to 








Tivoli Gardens, Copenhagen: Top, Fig. 3, garden fountain: 
above, Fig. 4, hanging basket, internally lit 
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look at the lit garden as a rest from the concentration of 
viewing, Without seeing any reflected image of the screen. 


The External Appearance 


The greater use of glass and the greater use of the 
garden have added to the importance of the external 
appearance of the house at night. Good lighting can 
greatly assist in creating an external appearance that 
expresses the interior character and use of the house. 
Fig. 8 shows a new house at Rickmansworth in the design 
of which the architect, Edward Curtis, A.R.1.B.A., Dip. 
Arch., has emphasised the interior staircase. There is a 
mural by Cecil Stephenson on the staircase wall and the 
total effect is a challenging statement of the function and 
decorative nature of the interior. The lighting appears 
to be efficient inside the house and “expressive” from 
without, as well as giving light to the immediate garden 
area. Each home has a different character to be expressed, 
but the general effect seen in this illustration may well be 
typical of good home lighting of the future. 


CONCLUSIONS 


Looking back on the somewhat pompous aim in this 
series of articles : — 

“. . to draw to the attention of architects as much 

as to lighting engineers, the relationship between light- 

ing and house design, as it affects Man’s home 

environment and the formal unity of house design,” 
it is a little difficult to know to what extent I have deviated 
from this high purpose. I take comfort in the phrase “ the 
relationship between ” since this clearly indicated that the 
series was not intended to show how existing equipment 
can best be fitted into the home. The purpose has been 
to analyse the problem, and to discuss what type of solu- 
tion might be developed to solve it. The modern home 
differs widely from the traditional home and needs 
different lighting, but I believe that the approach to light- 
ing a home of any period must be based on principles, 
rather than on customs, for if custom denies principle, 
then it is the custom which must be abandoned. 

Some of the criticisms of this series of articles have 
been levelled at the concepts of modern architecture itself 
that I have expressed. Whilst I believe that a healthy 
questioning of such concepts as “the free plan” and 
“built-in furniture and fittings” is perfectly valid, the 
series was not intended to be a defence of modern archi- 
tecture. However, the static nature of built-in furniture 
in rooms such as the kitchen, the bedroom, and the bath- 
room, and in storage areas, assists the lighting engineer, 
while in the living room there is to-day much more 
flexibility than there was in the past. 

Professor Rasmussen (R./.B.A. Journal, July 1957, 
p. 360) speaks of a home in Denmark for which a leading 
architect designed “. . . not only the whole structure, but 
the complete interior, with furniture, textiles and lamps.” 
On visiting the house he felt that it “looked more like 
an exhibition of an ideal home, than a home ideal for 
the people who lived in it.” In suggesting that the archi- 
lect should design the entire lighting arrangements, this 
is a very real danger, which raises the question: “ Who 
shoul.) be responsible for what ? ” 

A distinction might be made between those parts of 
a hovse that can be altered without destroying its funda- 
ment:i architectural quality—<.g., curtains, furniture, 























Top, Fig. 5, lighting of porch and outdoor sitting area by 
dual-purpose fitting. Above, Fig. 6, elaborate outdoor lighting 
scheme (General Electric Co., U.S.A.). 


carpets, colour schemes and pendant and portable lighting 
fittings—and those parts which are closely related to the 
form of the building. The former should be the respon- 
sibility of the owner; the latter, the responsibility of the 
architect. Thus, the architect’s terms of reference extend 
from the structure, spatial relationships and permanent 
surfacing materials to built-in furniture and fittings, and 
the integrated lighting equipment. 

One question which I have been asked is: “* To what 
extent can the ideas put forward be applied to existing 
houses ?” While not limiting myself to ideas for old 
buildings, I have attempted, where possible, to describe 
methods applicable to them, and it is certainly true to 
say that all the “principles” of lighting put forward 
could be applied, though some of the actual schemes 
suggested are intended for new homes. 

It may be useful to have some guide as to the difference 
in expenditure on lamps and gear for interior lighting 
between what is, at present, regarded as the “ average” 
home and a composite scheme based on some of the ideas 
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put forward. For the 13 million users of electric current 
in the country, lighting is said to represent 13 per cent. of 
the current used. The average household, which does not 
light its home to the standards of the IES Code, is said to 
spend 30s. a year on current and 12s. on lamp replacement 
—a total of £2 2s. a year. 

A scheme for a three-bedroom house based on the 
ideas in this series of articles might use current to the 
value of £10 a year, while lamp-replacement costs would 
be about £3 13s.—a total of £13 13s. This increased expen- 
diture does not seem to be disproportionate when com- 
pared with the cost of running other electrical devices in 
the home. It should be noted, however, that no figure 
has been included for the cost of lighting fittings, as such 
a figure would vary widely according to individual choice. 

Finally, I cannot endorse too strongly the remarks of 
Mr. Penny (Light and Lighting, Jan., 1957) on the supply 
of equipment for the home-lighting market. There is 
certainly a need for fluorescent equipment designed for 
the home and much could be done with a simple “ fluores- 
cent lighting pack,” the gear of which could be concealed 
remotely from the lamp. 


COMMENT : From an architect 


What an interesting treatment of the subject this has 
been! Domestic lighting is almost always discussed 
either in terms of household visual “tasks” or in terms 
of the equipment sold over the counter. The idea of 
thinking within the context of contemporary house design 
as a whole, with the lighting as part of the concept, seems 
not to have been taken up previously. And the link of 
indoor to outdoor lighting has been a neat touch with 
which to finish. The whole series has been well worth while. 


COMMENT : From a lighting engineer 


I agree that the approach and entrance are important. 
I am not convinced by this fashion for mixing house and 
garden but Mr. Phillips has shown ways of doing it if 
people want it and have a garden worth looking at. He 
has also shown how home lighting can be made interesting 
—though I am against making domestic interiors look 
like scaled-down models of luxury hotels. I don’t agree 
with all the suggestions Mr. Phillips has made, but he has 
certainly made me think, and I hope many other also. 


LIGHT AND LIGHTIN ; 


Left, Fig. 7, hypothetical small moder. 
garden—the subject of an outdoc; 
lighting scheme described in the text. 
Below, Fig. 8, Solar House, Rickman:- 
worth, designed by Edward J. \-. 
Curtis, A.R.LB.A., Dip. Arch. Lighting 
for entrance, vertical circulation 
area, display space (for pottery, etc.) 
and garden. Behind the striped 

“ Plyglass” screen is the dining 
area. (Photograph by courtesy of 
the “ Architect and Building News.”) 
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Lighting Abstracts 


LAMPS AND FITTINGS 


621.327.534.2 
516. The effect of outer jacket fill pressure and arc tube 
pressure on mercury lamp performance. 
J. M. Harris, //lum. Engng., 51, 363-368 (July, 1957). 
Oxidisation of the metal components in the outer jacket 
of a high-pressure mercury-vapour lamp is prevented by 
filling the jacket with an inert gas (nitrogen). The optimum 
pressure of this gas is a compromise between heat loss from 
the quartz arc tube (governing warming-up time) and arc- 
over voltage between the metal components. The operating 
pressure of the arc tube influences the colour, efficiency 
and life of the lamp. Arc tube discoloration has a Jarge 
effect on lumen maintenance but only a small effect on the 
colour. P. P. 


517. Converter equipment. 621.327.534.15 
S. Krasnow, Illum. Engng., 52, 353-356 (July, 1957). 
A rotating type of frequency converter has been specially 
developed for energising high-frequency fluorescent lighting 
installations. With a capacity of 30 KVA., it produces three 
independently phased outputs of either 400 or 600 volts at 
a frequency of 840 cps. By using a permanent magnet 
generator, the more usual brushes, slip-rings, commutator, 
exciter, etc., are dispensed with. By combining harmonic 
frequencies of proper amplitudes, a triangular waveform is 
produced in the generator output, which in turn gives an 
optimum square waveform in the capacitative lamp circuits. 
P. P. 


518. Circuits for fluorescent lamp ballasts. 621.327.534.15 
W. W. Brooks, Illum. Engng., 52, 397-408 (Aug., 1957). 
Eighteen years of practical fluorescent lighting have 
resulted in the evolution of several hundred different lamp- 
operating circuits. A systematic tabulation of these circuits 
has now been made and is presented in the form of brief 
descriptions of the principle design developments accom- 
panied by 48 line diagrams of the circuits themselves and 11 
illustrations of ballast core sections. P. P. 


621.327.534.15 
519. Elements of high-frequency fluorescent lighting. 
J. H. CAMPBELL, /llum. Engng., 52, 337-342 (July, 1957). 
Conventional fluorescent lamps have a higher luminous 
efficiency and can be operated at a higher wattage when 
used at a higher frequency than that generally available 
from the public electricity supply. Increased Operating 
frequency also results in smaller ballasts, so facilitating 
luminaire design. A magnetic frequency multiplier used in 
conjunction with a capacitor ballast to give a square wave 
output is a promising form of supply but is at present limited 
in its frequency and power output. P. P. 


LIGHTING 


520. ‘ ighting systems for grading lumber. 628.977 
D. M. Fincu, Illum. Engng., 52, 373-380 (July, 1957). 
The initial grading of timber in Californian sawmills 
comprises the inspection of rough-sawn planks up to 20 ft. 
in length as they pass on a chain conveyor belt in front of 
the grzders, The visual tasks involved in identifying 41 types 
of de’ :ct were measured with a visibility meter, when samples 


of timber containing these defects were viewed at 20 ft. on 
mock-up conveyors illuminated by directional incandescent 
and line and diffuse fluorescent sources. The results were 
used to compile an IES technical report on sawmill lighting. 
P. P. 


628.977 
521. Lighting for sawmills: Redwoud green chain. 
Illum, Engng., 52, 381-392 (July, 1957). 

Compiled by the Sawmill Lighting Sub-Committee of the 
American IES, this report gives recommendations on the 
artificial lighting to be used for the initial grading of rough- 
sawn Californian redwood as it moves in front of the graders 
on a chain conveyor belt (the green chain). Best results are 
given by directional incandescent lighting, with the units 
mounted parallel to the length of the boards and tilted at a 
fairly steep angle to the direction of movement of the boards. 
An illumination of at least 100 1m/ft? is required. The 
grading area should be enclosed and painted a medium grey 
(45 per cent. reflection factor). P. P. 


621.327.534.15 

522. Applications of high frequency fluorescent lighting. 
Q. D. Doras, I/lum. Engng., 52, 343-348 (July, 1957). 
The problems of power distribution and heat dissipation 
become excessive when high levels of artificial illumination 
are to be provided. By using fluorescent lamps operating at 
high frequencies (approx. 400 cps) these problems are con- 
siderably reduced. Applications of high frequency systems 
to plant growth studies (1,600-2,400 im/ft?) and to the 
lighting of electronic assembly plants (450 1m/ft®) and air- 

conditioned offices (100 1m/ft?) are described. P. P. 


628.921 
523. Pre-determination of natural daylight in rooms. 
R. Votimer, Lichttechnik, 9, 407-9 (Aug., 1957). In 
German. 

The author describes the basis and method of use of the 
Waldram diagram and he reproduces a modification of this 
diagram drawn so as to take into account the variation of 
luminance of the overcast sky from zenith to horizon. The 
Moon-Spencer formula expressing this variation, viz. 
La = 4L, (1+ 2sinx) where L, is the zenith luminance 
and La the luminance at an angle of elevation a, was 
adopted by the CIE in 1955 and has been used for the new 
diagram. Photocopies of the diagram are obtainable from 
the author at Helmholtzstr. 4-8, Berlin NW 87. 

J. W. T. W. 
628.972 
524. Lighting of indoor locations of central station properties. 
Illum. Engng., 52, 423-438 (Aug., 1957). 

Prepared by the American IES Committee on the Lighting 
of Central Station Properties, this recommended practice, 
one of five now available on electricity generating stations, 
deals with the interior lighting. Thirty-six different indoor 
locations are described and individually illustrated, and 
recommendations are given on their illumination levels and 
special lighting requirements. The relative merits of different 
types of luminaire are listed, and a chart is given enabling 
spacing-to-mounting height ratios to be determined from 
luminaire polar curve data. Emergency lighting and the 
luminairé maintenance problems associated with generating 
stations are also dealt with. P. P. 
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LIGHT AND 


LIGHTIN:; 


The Architect and Lighting 


Report on a seminar recently held at the York Institute for Architectural Studies when 
teachers of architecture and practising architects and lighting engineers discussed matters 


of common interest. 


The York Institute for Architectural Studies organised a 
Seminar on Lighting for teachers of architecture and others 
from September 12-15, 1957. The purpose of the course 
was to give teachers of architecture an idea of recent 
developments in lighting which they could pass on to their 
students, and if possible to encourage post-graduate work 
in the subject. Most of the leading architectural schools were 
represented. The lecturers were Mr. C. Dykes Brown and 
Mr. A. Wilcock representing the IES, Mr. David Medd of 
the Ministry of Education, Mr. Derek Phillips, an architect 
specialising in lighting, Mr. W. Allen of the Building Re- 
search Station and Dr. R. G. Hopkinson also of the BRS 
and a vice-president of the IES. Mr. J. Longmore of the 
BRS and Mr. H. Bellchambers also assisted. 

The course was opened by Mr. Allen and Mr. Medd, 
both architects, who summarised the lighting problems, Mr. 
Allen from the general point of view and Mr. Medd in 
relation to the design of a new type of primary school for 
which he and his colleagues from the Ministry of Education 
had been responsible. Mr. Allen emphasised that there had 
been a major change in lighting policy since the war. 
Before the war lighting was essentially computational but 
there had been no study of people or how they were affected 
by lighting. He believed that the impression made by an 
environment depended more on the eyes than on any other 
sensory process. People can be induced to have certain 
feelings: they will, for example, say “how gloomy this 
room is.” We are now beginning to know how these im- 
pressions are produced and we know that colour and light 
in a building control and influence feelings of well being, 
happiness, or depression. It is part of the designer's 
business, whether he likes it or not, to create an environ- 
ment which influences these feelings; if he does not under- 
stand how they are produced he will only fumble in his 
design. He must be helped to create what he wants and 
one of the objects of the course was to show how far recent 
technical developments have enabled these matters to be 
rationalised. 


Light and Colour in Schools 


Mr. Allen mentioned the impact of the new designs of 
schools in Hertfordshire where light and colour had played 
a great part. He described how in the first of these schools 
the teachers considered that the light environment was 
responsible for the remarkable change in the attitude of the 
children, their attentiveness and freshness, which made 
teaching easier. The teachers attributed this change to the 
lighting—and not to the ventilation as had been suggested. 
Mr. Allen went on to describe his views on the main 

rinciples of good lighting; the object of attention should 

* the brightest for we then see better; there should be a 
gradual control of contrast for comfort, and the light 
sources themselves should be graded for comfort. 

Mr. Medd said that the lessons to be learnt in the 
lighting and colour of a school could be applied to other 
buildings if the principles are sound. For that reason he 
confined his remarks to the school lighting problem knowing 
that others could amplify them in relation to other buildings 
where necessary. He described how in the initial work on 
the Amersham school he discussed the educational problem 
in a junior school with a large number of teachers. He 
obtained a clear idea of the educational requirements and 
knew to what extent they could be applied within his finan- 
cial limitations. It was important not to be revolutionary 


because the more conservative teacher had to be able to 
work in the environment as well as the more progressive. 
One could only hope that the environment would be a 
challenge to the more conservative. He demonstrated with 
a number of slides common faults in school buildings, and 
pointed out that in the teaching of children from the ages 
of seven to eleven a great deal that is taught in secondary 
schools has also to be taught first in the junior school. 
The teaching requirements are therefore very complicated. 
He believed that different units to reflect different ages and 
interests are necessary. His plan was therefore to have four 
pairs of classrooms grouped round a central courtyard, each 
classroom having its own little units in which different types 
of work could be done. It was fundamental that children 
should be able to see out of the room and experience the 
different aspects of the clouds and the sun. He therefore 
planned rooms with a number of bays in such a way that 
they acted as devices to lead light gently into the centre of 
the room. Such a design posed a number of lighting 
problems. First, the efficiency of the windows, that is to 
say the glass area related to the total opening, had to be 
high, and careful design of the glazing bars permitted a 
window efficiency of the order of 73 per cent. Second, the 
ceiling had to be as light as possible and the floor also 
very light (of the order 30-40 per cent. reflection factor). 
The walls had to be well lit and their reflection factors (which 
should not be the same for all walls) sufficient to enable 
them to redistribute light where necessary. Mr. Medd 
described the artificial lighting of the school, the main novel 
feature of which was the provision of small local lights 
with highly specular exteriors to give “ sparkle.” 


Principles of Good Lighting 


The following morning Dr. Hopkinson opened with a 
description of the subjective studies on lighting made at the 
BRS. He showed how the brightness of the environment 
was at least as important as the lighting levels in the 
determination of good lighting, whether by artificial or by 
natural means. The adaptation mechanism of the eye was 
such that the appreciation of lighting level was governed 
very much by the general lighting conditions in the field 
of view. He demonstrated how the brightness as it appears 
to the beholder is determined not only by the brightness 
of the object itself, but also by the brightness of its sur- 
roundings. The lighting levels in a simple environment can 
be determined readily by the IES Code and he urged archi- 
tects to have copies of the Code available in their schools 
and to teach its use to students. The problems of glare 
were discussed and demonstrations to show the difference 
between glare which causes disability and glare which causes 
discomfort were shown. Dr. Hopkinson summed up his 
thesis by suggesting ten principles of good lighting. 

(1) We see hetter the more light we have. Simple lighting 
tasks demand about 10 Im/ft?, more difficult ones about 
50 Im/ft?, and improvement continues even beyond this level. 
(2) We see better if the main visual task is distinguished 
from its surroundings by being brighter, or more contrast- 
ing, or more colourful, or all three. 

(3) We see better if the things we have to look at are seen 
in an unobtrusive and unconfusing setting. Good lighting 
demands a moderately comfortable level of general lighting 
with preference for lighting on the work. (Dr. Hopkinson 
called this lighting system “focal” lighting.) 

(4) The surroundings should be moderately bright, and 
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this should be achieved by a combination of lighting and 
colour treatment. 

(5) No source of light should be a source of glare discom- 
fort. The lighting should be designed to prevent excessively 
bright areas being visible. 

(6) Plenty of light should reach the ceiling and the distri- 
— brightness in the room should dispel any feeling of 
gioom. 

(7) Sources of light should be chosen to ensure that the 
colour rendering which they give is satisfactory in the situa- 
tion in which they will be found. 

(8) Care should be taken to eliminate any discomfort from 
any flickering light source. 

(9) Dull uniformity should be avoided. Shadowless light- 
ing is rarely necessary and never stimulating. Small brilliant 
points of light can give sparkie to a scene without causing 
glare. (Mr. Medd’s specular surface fittings were instanced 
as an example of how this could be done.) 

(10) The lighting in a building should always be considered 
in relation to its design. The whole environment determined 
a good lighting installation. 

Dr. Hopkinson then went on to discuss the application 
of these principles of lighting design showing how the 
development of a scheme ended in a specification in terms 
of sources (windows or artificial lighting) and of surfaces. 
Surfaces could be specified either as reflection factors, or 
through translation through the Munsell Value scale into 
a specification of colour lightness. Up to this point the 
design of lighting is a collaboration between the architect 
and the lighting engineer, with the lighting engineer playing 
the major part. Beyond this point the architect was on 
his own, because, in Dr. Hopkinson’s opinion, the colour 
of an installation was chiefly a matter of aesthetics at the 
moment and should be handled by the architect. 

Mr. Medd and Mr. Allen then took over and described 
the basis of the new British Specification for colour in 
buildings (BS2660). This standard had been based to a 
large extent on photometric studies of natural lighting 
which in turn derived from the concept of Munsell Value. 
It was proving a valuable tool in the collaboration between 
the architect and lighting engineer. 


Light Sources and their Application 


On Friday afternoon Mr. Dykes Brown described light 
sources and their applications. He gave a résumé of the 
types of lamp now available and of their more important 
characteristics. He emphasised that the different types of lamp 
were complementary and not competing with one another; 
each type of lamp performed a certain task and the competent 
lighting engineer knew how to specify which source was 
necessary in any given situation. Mr. Dykes Brown agreed 
that it was unfortunate that there were so many different 
types of hot cathode fluorescent lamps but believed that 
the new warm white and de luxe warm white would together 
fulfil most needs. He described the characteristics of these 
lamps in some detail. As regards cold cathode lighting, it 
had a great many advantages when used in the proper 
situation. In spite of the fact that it had to work on a 
high voltage it was quite safe when installed by a competent 
engineer. The agreed lamp life was now 25,000 hours 
although, in fact, installations had been functioning longer 
than this. One installation had been functioning for 42,000 
hours and the efficiency of this installation had dropped 
from 28 Im/w initially to a value of 22 Im/w, a reduction 
which made the installation still economic to run. Mr. 
Dykes Brown dealt briefly with the economics of lighting, 
but emphasised that it was impossible to generalise as so 
many important factors (e.g., labour charges, cost of electri- 
cal energy) differed from one installation to another. He 
pointed out that maintenance was important because a clean- 
up on an installation could raise the illumination level and 
Tejuvenate the installation; it is often cheaper to replace 
lamps when cleaning than to replace individual failures, and 
suitable equipment for maintenance is necessary especially 
in industrial locations, and he showed some illustrations of 
facto-y schemes in which the equipment for maintaining the 
lighti:g had been built into the design of the factory. The 
rest «.f the lecture was taken up with a series of interesting 
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lantern slides showing recent lighting installations employing 
a wide variety of lighting methods. 


Daylighting 


The rest of the Friday session was devoted to a dis- 
cussion on natural lighting and its computation. Mr. Alien 
emphasised that the advantage of teaching architectural 
students to use the BRS Protractors was that it made them 
realise that daylighting was a geometrical problem. Too 
many students seemed to think that light flowed into a build- 
ing just like air—they probably thought this because there 
was usually a high amount of reflected light in a building. 
He suggested that architectural students should be taught 
how to develop the shape of sky factor contours and to 
recognise their systematic and indiviudal appearance with 
different window shapes. The student should in fact get 
a picture of these shapes in his mind’s eye because without 
this he could not visualise how light would be distributed 
from a window pattern. 


Lighting Design 


The following morning Mr. Wilcock gave a summary 
of the design technique used by the practising lighting en- 
gineer. He emphasised that these simple techniques were 
merely the basis of the lighting engineer’s work because a 
good lighting installation was planned by experience and 
skill as well as by calculation. A good lighting engineer 
always visited a building which he had to light in order to 
get an idea of its possibilities. Working from the plan of 
a building is often unsatisfactory. If the building does not 
already exist the architect would serve the lighting engineer 
much better by preparing proper perspectives in the way 
which Mr. Medd had done for his Amersham school. The 
lighting engineer can then get the feel of a building from 
a look and he can assess reflection factors in terms of their 
appearance. Having determined the tasks necessary in the 
building, the IES Code gives him the illumination levels 
and he can think in terms of fittings and illuminant guided 
by the client or the architect. Mr. Wilcock urged lighting 
engineers and architects not to choose fittings from a cata- 
logue but to visit the showrooms and see the fittings lit up, if 
possible in a complete installation. After describing the 
Harrison-Anderson method of calculation and the simple 
statement of it in the ELMA Lighting Handbook No. 2, he 
went on to describe a more recent approach to the subject 
made by the National Illumination Sub-Committee on Light- 
ing Principles under the heading “ The Design of the Visual 
Field,” and the development of the method by Mr. 
Waldram. Mr. Wilcock outlined Waldram’s approach as 
applied to the lighting of a church. In the course of dis- 
cussion, Mr. H. E. Bellchambers described his own method 
for the computation of room brightnesses, saying that he had 
found it difficult to apply the apparent brightness data in 
the way which Mr. Waldram recommended, although the 
concepts of apparent brightness was one which he found 
useful. His approach has been in fact more along the 
lines of the BRS work on natural lighting, but applied to 
artificial lighting. He demonstrated his work with a model. 

In the evening Dr. Hopkinson introduced by means of 
a film the techniques being used to study lighting installa- 
tions with the use of models. Recent methods enabled 
models to be built very simply and quickly both for artificial 
and natural lighting studies. In this way photometric in- 
formation would be obtained at least as quickly as by 
calculation, and in addition valuable subjective information 
unobtainable by any other means resulted from careful in- 
spection of the model. A lively discussion followed this 
exposition in which it was generally agreed that models had 
an unassailable place in the study of natural lighting, but 
owing to various engineering difficulties, might not be so 
suitable for the study of artificial lighting. Dr. Hopkinson 
disagreed and instanced Mr. Bellchamber’s work and his 
own on the studying of the artificial lighting of hospitals 
and school classrooms. Mr. Allen said that architectural 
schools would be much more ready to make model studies 
of artificial lighting if the lamp manufacturers would let 
them have lamps and fittings to a miniature scale suitable 
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for models. Dr. Hopkinson emphasised that he used 
standard products, and Mr. Bellchambers agreed that some- 
times he found it valuable to get special lamps made for 
his studies. He suggested that the architect who wanted 
to imake studies of this kind could always approach a 
sympathetic lamp manufacturer and it was quite likely that 
something could be done for him. 

The session was ‘completed by a discussion by Mr. 
Medd and Dr. Hopkinson of the calculation of daylight. 
Mr. Medd stressed that the quantity was not all-important. 
The architect has to get the business of calculation into 
proper perspective in relation to the whole design problem. 
He urged architects not to fall in love with calculating tools 
just because they had learned to use them. They should use 
their imagination; it is a prerogative of the architect to do 
so, and he must not be a slave to his tools. Nevertheless 
techniques should be mastered in order to be applied. He 
outlined the methods for the calculation of sky factor and 
stressed the importance of making proper allowance for the 
obstruction caused by glazing bars on windows. The 
agreement between computation methods and the finished 
result was now very good. Dr. Hopkinson described the 
recent work of the BRS for the computation of reflected 
light and the simplified inter-reflection formulae which were 
in use there. He illustrated his talk with the BRS mono- 
grams and Daylight Factor Slide Rule and mentioned in 
passing that the same technique could be used and had in 
fact been used at the BRS for some time for the computa- 
tion of artificial lighting. 

During the afternoon Mr. Derek Phillips gave a detailed 
exposition of artificial lighting in relation to architectural 
design. A highlight of the discussion was a form of ceiling 
lighting which Mr. Phillips has developed. He described 
the use of plastics in lighting design and showed the range 
of materials generally available and the purposes for which 
each were suitable. The talk was illustrated by numerous 
lantern illustrations of installations in Europe and 
America. 


The Lighting Industry 


The Saturday evening session and the following sessions 
on Sunday were all occupied in general discussion. During 
this Mr. Dykes Brown described the set-up of the lighting 
industry. Lighting was a subject which was developing so 
fast, said Mr. Dykes Brown. that the independent con- 
sultant was very often out of date simply because he could 
not keep up with the changes in technique resulting from 
the latest research by the leading manufacturers. He urged 
those in touch with students to make sure that they were 
told how to get proper advice on lighting matters. Since 
the war a number of firms had sprung up who supplied 
lighting but knew practically nothing about the subject. 
Sometimes an architect would get a reputable lighting firm 
to submit a lighting scheme, but owing to the cost of the 
scheme would have it implemented by an organisation offer- 
ing material at a lower price. Such an organisation would 
probably have no technical man on its staff and would not 
understand the principles behind the scheme submitted by the 
original firm. The result was that the installation, when com- 
plete was obviously unsatisfactory. Mr. Dykes Brown said that 
all lighting engineers would welcome a stronger brief from 
the architect. Too often the architect was vague and uncer- 
tain about his requirements. One of the values of 
Mr. Waldram’s work was that it demanded precision from 
the architect in his briefing of the lighting engineer. It 
would take a long time to transform a primarily engineering 
profession into a design profession, and in the meantime the 
architect must appreciate the engineers’ limitations and also 
respect his strength. Mr. Derek Phillips emphasised that 
there was no benefit from joint consultation of architect 
and engineer if they were unable to speak the same language, 
and a great deal needed to be done in the sphere of mutual 
education. Mr. Wilcock summed up the functions of the 
Illuminating Engineering Society and distinguished them 
from the services which could be rendered to architects by 
the Lighting Service Bureau. He urged architectural 
teachers to join the IES themselves and to encourage 
students to do so. 


LIGHT AND LIGHTING 


York Art Gallery 


On Saturday evening a party visited the new fluorescent 
lighting at Beverley Minster, and on Sunday morning an 
inspection was made of the City Art Gallery of York in 
preparation for the afternoon session at which the lighting 
requirements of the Art Gallery were discussed. The Direc- 
tor of the Gallery, Mr. Hans Hesse, asked that the discus- 
sion should take it as a principle that no fluorescent lighting 
would be used. He wished the lighting to be from tungsten 
filament lamps because he believed that their colour was 
more suitable for paintings which in their original form 
had been viewed either by daylight or by candle light. A 
full discussion of the lighting problems then followed in 
which many of the course members made valuable contri- 
butions. At the end of the session Dr. Hopkinson asked 
Mr. Hesse if he would now specify his reasons for his 
prejudice against fluorescent lighting. Mr. Hesse said he 
believed that in fluorescent lighting there was something 
essentially wrong; colours were not modified equally but 
harmonies were distorted, textures were changed into some- 
thing harsh and metallic looking, the lighting was almost 
shadowless and was consequently unnatural. Mr. Hesse 
believed, or at least had a suspicion, that the physical pre- 
sence of fluorescent lighting was not conducive to happi- 
ness: it was an irritant and not a healthy thing to have in 
a room, it gave the effect of a concentration camp with a 
constant supervising glare. Pictures should be seen in their 
natural surroundings and not submitted to the glaring light 
of an operating table. If he could, he would light his 
gallery by candle light; the nearest to this was well-designed 
filament lighting. 

Mr. Hesse’s remarks about fluorescent lighting gave rise to 
a lively discussion in which both Mr. Bellchambers and Mr. 
Dykes Brown insisted that Mr. Hesse must have had his 
prejudices developed as a result of having seen so much bad 
fluorescent lighting. Mr. Dykes Brown instanced at least one 
Art Gallery (Amsterdam) where highly skilled lighting of 
a well-known picture had been done in such a way that 
nobody was aware that fluorescent lamps were used. He 
— whether Mr. Hesse himself would have detected 
this. 

The course ended with a session in which members col- 
lected together the particulars of slides which had been 
shown at the meeting to build up a library for their own 
lectures to students. It was generally agreed that the course 
had served a very useful purpose, and the lecturers equally 
felt that they had gained as much pleasure as they had given. 


Forthcoming Conferences 


Association Francaise des Eclairagistes 


The next Journess de l’Eclairage of the French IES will 
take place in Reims from April 24 to 26. The technical 
sessions will deal with lighting education, street lighting, 
signal lighting and colour and lighting in industry. As with 
previous similar meetings of the AFE the opportunity will 
be taken to arrange full-scale denonstrations of modern 
street lighting and floodlighting. Full details will be avail- 
able in due course from the General Secretary, Association 
Francaise des Eclairagistes, 33, Rue de Naples, Paris 8. 


Lichttechnische Gesellschaft e.V. 


_ The German Illuminating Engineering Society will hold 
its next annual meeting in Mannheim from March 19 to 22, 
1958. Following an inaugural discourse, “ A Peep Behind 
the Scenes,” in the new Mannheim National Theatre, some 
20 technical papers are planned for presentation on_ the 
following subjects: The present position with regard to 
electroluminescence, Modern cine projection, Lighting prob- 
lems in television, Light in plant cultivation, Plastics in 
lighting, New illuminating glasses and their artistic design, 
Evaluation of daylight, The present position with regard to 
the evaluation of glare, Problems of traffic lighting. A 
social evening with entertainments and a number of excur- 
sions are also planned. Individual invitations, with a 


detailed programme, will be issued in due course, 
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NEW > PRODUCTS 





Trunking 


Crompton Parkinson Ltd. announce the introduction of 
their ‘ New-Line” lighting trunking which has design 
features enabling it to be installed rapidly, securely and 
rigidly, with maximum suspension centres and continuously 
variable positioning of many types of lighting fittings. A 
heavy gauge rolled steel channel is used in which the folds, 
besides aiding the rigidity and strength characteristics, also 
provide useful functions as mounting and clamping sur- 
taces, for the securing-clamps and fittings. It is supplied 
in lengths of 15 ft., 9 ft., or 6 ft. and coupled by a simple 
internal coupling which automatically eliminates any 
sagging or twisting at the joints and gives definite longitu- 
dinal alignment. During erection the only tool required is 
a screwdriver. The trunking is secured to the roof truss 
or ceiling by the use of robust stirrup clamps inserted into 
“vee” folds at any point along the length of the trunking. 
Factory wired lighting fittings are secured to the trunking 
with a minimum of installation work. The line wiring is 
supported on insulating bridges and ample room is allowed 
for mains and switch circuits. A simple but effective line 
tap enables the position of fittings to be readily changed, or 
alternatively allows local control pull switches or pilot 
lighting to be inserted with the aid of a clip-on plate with- 
out any major disruption of the system. Plastic covering, 
manufactured in 5 ft. 6 in. lengths and cut to required size, 
snaps over the bottom of the trunking thereby providing 
an attractive protective closure. 

The “ New-Line” trunking allows fluorescent, filament 
or discharge lighting fittings to be installed. Changes to 
an existing system when additional facilities are required 
may be made cheaply on standardised components. The 
trunking is designed to have a useful life comparable with 
that of a modern building. 


Street lighting columns 


Stewarts and Lloyds Ltd. have four new designs of 25-ft. 
tubular steel street lighting columns for Group A lighting. 

In all four designs, the base tube diameter is 72 in. with 
a door opening 5} in. wide. The shaft is only 44 in. 
diameter. The new designs may have either straight or 
curved bracket arms up to 7 ft. 6 in. outreach and these 
can be supplied for use with either pendant or sice-entry 
lanterns whose weight is in the region of 25 to 30 Ib. and 
whose wind area does not exceed 2 sq. ft. The designs 
have been approved by the Council of Industrial Design. 


Projection lamp 


Philips Electrical Ltd. have introduced a new type of 
projector lamp for use with 8 mm. projectors. Known as 
Type 13113C/O1, it is an 8v 50-watt lamp with an 
elliptical mirror incorporated in the bulb. The carefully 
controlled filament is of small dimensions and is located at 
the principal focus of the mirror. When the lamp is used 
with an 8-mm. projector, the secondary focus of the mirror 
occurs in the position of the gate, so that an image of the 
filament is produced on the gate area. The screen illu- 
mination is claimed to be at least the equivalent of a 
500-watt lamp in a conventional projector, but as this is 
achieved with only one-tenth of the wattage, there is, there- 
fore, approximately only one-tenth of the heat. Further, 
the use of this new lamp makes possible a great improve- 
ment in optical efficiency of 8-mm. cine projectors. List 
Price is £1 15s. 


Modular lighting ceiling 


A flexible lighting system (known as the Lumenator 
Module) which can be used either to provide overall 
illurination or to highlight particular points is now being 
prod::ced by Lumenated Ceilings Ltd. It consists of a false 
ceiling of translucent plastic panels supported in an 
alum.nium framework suspended below the lamps which are 














Close up of the Lumenator Module system. In this instance plain 
acrylic panels are used. 


fixed to the structural ceiling. The layout is based on a 2-ft. 
square module. 

The translucent panels diffuse the light evenly without 
glare, high spots or shadows, and they are claimed to look 
attractive even when the lights are switched off. Two 
standard panels are available; J1e is moulded from vinyl 
plastic, in which decorative features may be incorporated; 
the other is moulded from acrylic plastic. It is understood 
that the panels will in due course be available in colour. 

The panels are each 2-ft. square and rest on an aluminium 
framework suspended from the structural ceiling. They can 
be lifted out by hand for cleaning or to provide access to the 
lamps or other services located in the plenum. The extruded 
aluminium track has a fluted face and is supplied, with the 
ends already accurately mitred, in standard lengths of two, 
four, six and eight feet. Slide-onclips are used to join 
lengths together. The framework can be anodised if required. 
A wide variety of layouts can be achieved by incorporating 
2-ft. square panels of hardboard, acoustic tiles, etc., in com- 
bination with the diffusing panels. 

The cost of the Lumenator Module system is comparable 
with the cost of the Lumenated Ceiling system, which is 
approximately 10s. per square ft. (excluding lamps) for a large 
installation. The system has been accepted by the Council 
of Industrial Design for inclusion in “ Design Review.” 


Pendant fluorescent fitting 


Ekco-Ensign Electric Ltd. have recently introduced a 
new pendant fluorescent fitting desigi.°d principally for com- 
mercial interiors but also suitable fo- domestic use. The 
fitting is available in three sizes, eaci of which uses four 
5-ft. 80-watt or 4-ft. 40-watt or 2-ft. 20-watt fluorescent 
lamps. The plastic end plates are available in a variety of 
colours. 





Ekco fluorescent lamp pendant fitting. 
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Lighting glassware 


Troughton and Young (Lighting) Ltd. have designed a 
new range of glasses as an extension to their existing 
“ Mondolite ” range. All these glasses have been designed 
for general use. They are available in four different basic 
shapes with a variety of colours or materials—some of them 
quite new to lighting. All fittings have open bases for ease 
of relamping. A special method of retaining the glass on 
the suspension tube allows it to be taken off and replaced for 





Some of a new range of Troughton and Young lighting glassware 


cleaning without the use of any tools. The whole range is 
available with two different types of suspension, satin black 
or polished brass. The lamp size is 200 watt. Cost of 
complete fittings varies according to the glass used from £3 
to £6 15s. 


Display fittings 


A new range of incandescent lamp display lighting fittings 
has been introduced by Atlas Lighting Ltd. The range is 
based on a series of interchangeable components and com- 
prises four basic units for horizontal and vertical flush or 
surface mounting, in different sizes to take lamps from 60-300 
watts. There are five types of attachment for these basic 
units: a shallow glass dish, a deep glass bowl (both in satin- 
etched glass), a white metal louvre of new and unusual 








= st ea 
Atlas display lighting fittings. Left, horizontal surface m 
with step lens attachment ; right, vertical surface mounted fitting 
with metal louvre. 


ounted fitting 
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design, a clear stepped lens and a sheet glass diffuser ir 
“ Festival” glass. Colour filters are also available. A nea 
lock-on soffit ring completely hides fixing screws and secure 
the attachment to the fittings. Four types of finish are usec 
for the ring—gun metal, citron, flame and an anodised gok 
finish. Over 50 different combinations are thus possible anc 
the range is augmented by a number of speciality units. 


Trade Notes 


Atlas Convention 


The 1957 Atlas Lighting Convention which opened at Si. 
Pancras Town Hall in London on September 26 has since 
visited Bristol, Sutton Coldfield, Manchester, Glasgow, 
Whitley Bay and Harrogate. In each town the audience has 
been between 450 and 750. Although this annual convention 
was first inaugurated only last year it has already a reputation 
for being a light-hearted but well-informed way of presenting 
the company’s products and services to its customers. This 
year maintained the standard created at the first convention. 
it was opened by J. G. Christopher, Director and General 
Sales Manager, who followed his cordial welcome by men- 
tioning the formation of Atlas Lighting, Ltd., as a subsidiary 
company to deal solely with the lighting activities of Thorn 
Electrical Industries, Ltd. He also spoke of the success of 
the “ Atlas Popular Pack” ; in October the 500,000th pack 
was assembled at Spennymoor and the buyer will be pre- 
sented with a Ferguson “Fantasia II” radiogramophone. 
Dr. H. H. Ballin, Director and Technical Sales Manager, 
gave a lecture explaining, with the aid of short films, what 
is meant by the eight-way electronic testing of Atlas lamps. 
This was followed by a 25-minute film entitled “ Fitting 
Conclusions ” which showed the manufacture of control 
gear, starter switches and lamps and demonstrated various 
applications of fluorescent lighting fittings. 

The final item of the convention was a two-act play, 
written, produced and acted by members of the company to 
show the latest lighting fittings and the services that are 
offered to customers. By using topical and amusing con- 
versation throughout the play to link up the events which 
must be daily occurrences in any typical showroom it was 
lively and interesting entertainment. The finale highly 
amused all audiences, especially those who had visited the 
“Son et Lumiére ” productions this summer; Atlas Lighting, 
Ltd., presented their own stage version of “The Story of 
Barnacle Folly,” a whimsical demonstration of typical light 
and sound effects. 

Lighting Council 

As previously announced the work of the Lighting Service 
Bureau is to be expanded under the auspices of a new govern- 
ing body whose founder members are : The British Electrical 
Development Association, The Electric Lamp Industry Coun- 
cil, and The Lighting Equipment Development Council. 

At a meeting of the Council of Management of this newly 
formed body on Wednesday, October 30, the following 
officers were elected: Chairman, D. Bellamy, O.B.E. 
(B.E.D.A.) ; Vice-chairmen, W. T. Souter (L.E.D.C.), A. E. 
Page (E.L.1.C.); Members of Council (representing 
B.E.D.A.), J. I. Bernard, W. N. C. Clinch, D. B. Irving, W. S. 
Lewis, W. B. Noddings; (representing E.L.1.C.), J. G. 
Christopher, J. Clement, W. J. Jones, C. J. W. Scott, H. C. 
White ; (representing L.E.D.C.), H. H. Ballin, J. H. Campion, 
T. S. Jones, F. W. Norris, A. H. Young. The secretary is 
E. B. Sawyer. 

Pending the acquisition of larger premises in a central 
position, the Lighting Service Bureau will continue to operate 
from its present address at Savoy Hill and through its Area 
Engineers in Birmingham, Glasgow, Leeds, Manchester and 
Newcastle. 


Licht-Decken G.m.b.H. 


Lumenated Ceilings, Ltd. (Alliance House, Caxton Street. 
London. S.W.1), has formed a subsidiary company in Ger- 
many. The head office of the company, Licht-Decken 
G.m.b.H., is at 123 Hansaring, Cologne. The managing 
director is Mr. M. K. Hansen who was formerly in charge of 
the luminous ceiling department of the German representa- 
tives of the General Electric Company. Among the reasons 
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for forming the company must be counted the possibility 

f the European Common Market, and the even greater 
opportunities which would then exist to promote the products 
of the parent company. 


Trade Literature 


ATLAS LIGHTING, LTD., 233, Shaftesbury Avenue, London, 
W.C.2.—A new catalogue of incandescent, fluorescent 
and discharge lamps, fittings and accessories in the form 
of a comprehensive technical guide in the use of Atlas 
lamps and equipment. Full technical details on different 
types of lamps are given, including such matters as 
colour appearance and colour rendering of fluorescent 
lamps. Details given on fittings include polar curves, 
dimensions, coefficients of utilisation, light output ratios, 
cut-off angles, minimum recommended mounting heights, 
etc. 

J. A. CRABTREE AND Co., Ltp., Lincoln Works, Walsall, 
Staffs—Brochure No. 1190 describing this company’s 
recent introductions in wiring accessories, including 
switches, lug boxes and pattress blocks, together with 
current prices. 

CryseELco, Ltp., Kempston Works, Bedford.—Several new 
leaflets giving details and prices of the following pro- 
ducts: commercial and home fittings, slimline channel 
fittings, opal glassware, electric discharge lamps and 
industrial fluorescent fittings 

H. W. FIELD AND Son, LTp., Harold Wood, Essex.—Leaflet 
giving details and prices of the “Spot-On” fluorescent 
lighting fitting. 

G.M.:B. (ELECTRICAL) BIRMINGHAM, 439, Moseley Road, 
Birmingham 12.—New catalogue with separate price list 
describing fully modern and traditional lighting fittings 
for domestic and industrial use as well as electrical 
heating products. 

HOLOPHANE, LTD., Elverton Street, London, S.W.1.—Publi- 
cation S.L. 957 dealing with a new street lighting unit 
for Group A roads. This is the new Oval Bowl lantern 
for use with 250- and 400-watt fluorescent bulb (colour- 
corrected) Type MBF/U lamps and mercury discharge 
Type MA/U lamps. 


Situations 
Vacant 


DESIGN/ DRAUGHTSMAN required to take charge of a 
Section engaged on the Design and Development of Lighting 
Equipment. Experience of this work preferred but not 
essential. This is a Senior position and applicants must be 
capable of carrying projects through to production stage. 
The vacancy carries excellent prospects with a competitive 
salary according to age, experience and qualifications. 
Staff Pension and Bonus Schemes. Apply in writing, giving 
full particulars, to the Personnel Manager, Siemens Edison 
Swan Ltd., 38-39, Upper Thames Street, London, E.C.4. 

DESIGN/ DRAUGHTSMAN capable of working with 
minimum supervision and developing original ideas. 
Experience of lighting equipment preferred but not essen- 
tial. This vacancy carries a competitive salary according 
to experience, age and qualifications. Staff Luncheon Room, 
Bonus and Pension Schemes. Apply giving full particulars, 
quoting Ref. 0.24, to Box No. 936. 

LIGHTING ENGINEER with planning and contact experi- 
ence required for Manchester office of Ekco-Ensign Electric 
Ltd. Apply Manager, Blackett Street, Fairfield Street, 
Manchester, 12. 

YouNG MAN, completed National Service, required for 
Illuminating Engineering Dept. of Ekco-Ensign Electric Ltd. 
The applicant should be well educated and previous know- 
ledge and experience in modern lighting methods would be 
preferred. Apply Senior Lighting Enginzer, 45, Essex Street, 
Lond ion, W.C.2 

\VERITYS Lip. have a vacancy for a LIGHTING ENGINEER- 
ING ASSISTANT. Keen young man with experience in layout 
of li:hting schemes. Superannuation and bonus schemes in 
Oper.tion. Apply stating previous experience to our Works— 
Plun e St., Aston, Birmingham 6. 


Book Reviews 


“Generation, Transmission and Utilisation of Electrical 


Power,” by A. T. Starr. Fourth edition. Pp. xi + 529; Figs. 
431; Index. Published by Sir Isaac Pitman and Sons, Ltd., 
London, 1957. Price 27s. 6d. 

This book is one of the well-known “ Engineering De- 
gree Series’ and was first written in 1937 for the student 
studying for an engineering degree or an examination of 
similar standard. It deals with that part of the syllabus 
described by some such title as “ Electrical Power,” so that 
the ground covered is very extensive. In this new edition 
the author has added a short treatment of the subject of 
generation by the use of nuclear energy. 

The chapter headed “Illumination” contains only 31 
pages and is a curious mixture of the up-to-date with the 
completely obsolete. The most striking example of the 
latter is the reference to the pentane lamp as providing “ the 
British standard of candle-power.” There are a number of 
other places where the text needs revision in order to bring 
it into accord with present practice. For example the rela- 
tive luminous efficiency factor (called by the author the 
relative luminosity factor) is denoted by K» instead of VA, 
which is confusing because K 4 has a different, though re- 
lated, meaning. On another page there is a clear suggestion 
that the tungsten arc lamp is suitable for indoor lighting. 
On the other hand, the descriptions of the filament lamp and 
of the sodium and mercury discharge lamps are satisfactory 
considering the very limited space devoted to the whole 
subject. 

The book is not intended for the student of illuminating 
engineering; for the student of electrical engineering who 
wants a concise treatment of the very wide range of matters 
indicated by the title, it will no doubt continue to serve as 
a very useful text- book. J. W. T. W. 


“ Electrical Discharges in Gases,” by F. M. Penning. Pp. 
viii + 75; Figs. 29; Index. Philips Technical Library. Pub- 
lished by Cleaver-Hume Press, Ltd., London, 1957. Price 15s. 

In spite oi the long time which has elapsed since the 
different forms of electrical discharges in gases were first 
described, and the great importance they now have in prac- 
tical light sources, the phenomena are so complex that 
probably most lighting engineers would confess that the sub- 
ject is one about which they know comparatively little. Dr. 
Penning’s book is a useful brief synopsis, cast in the form 
of a series of essays, which has now been made available in 
the English language. The translation is excellent and the 
short bibliography at the end of the volume, selected with 
care and discrimmation, should make the book especially 
valuable to those who want a reliable guide to the study 
of the subject. At the same time it should be mentioned 
that, in covering a good deal of ground within a compara- 
tively few pages, the author has necessarily written concisely 
and the book demands careful attention from the reader, 
especially if he does not already possess some background 
knowledge in this field. The production 1s commendable and 
there are comparatively few printer’s errors. J. W. T. W. 


Miscellany 


Machinery Wanted 


Inter-Continental Exports and Imports, 522, Diagonal 
Road, Visvesvarapuram, Bangalore-4, S. India, are interested 
in the purchase of all kinds of secondhand or reconditioned 
lamp-making machinery (miniature, G.L.S., hot and cold 
cathode fluorescent) both as separate aachines or complete 
sets of machines. 


Frontispiece 

The chandeliers shown in the frontispiece on page 373 
were made by Glassexport of Prague. 
‘Light and Lighting ’ 

Some of the issues of Light and Lighting during the past 
year are out of vrint but copies can still be supplied of the 
majority, including the March issue in which the main 
feature was cinema lighting, and the August issue which 
contained the article by Dr. Dresler on Inter-reflections. 
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1.E.S. ACTIVITIES 





London 
At the sessional meeting held at the Science Museum, 


South Kensington, on November 12, a paper entitled 
“ Artificial Lighting as Applied to Museums and Art Gal- 
leries” was presented by W. E. Rawson-Bottom and J. B. 
Harris. 

Museum and art gallery lighting has evolved during the 
past 100 years. Research has revealed that the pioneer 
work was remarkable for the appreciation of the problems 
involved and for the ingenuity displayed in their solution. A 
brief review of the historical background provided an inter- 
esting introduction to this paper. Since those early 
beginnings this particular application of artificial light has 
seen many changes, but for some 25 years at the beginning 
of the century, little development was evident. An impetus 
was given just after the First World War by the introduction 
of gas-filled lamps. These made the optical control of light 
a possibility, enabling a comparatively large area of wall 
surface to be illuminated from a single source. In those 
days it was considered an achievement to provide a value 
of 3 to 4 Im/ft?. This low value of illumination coupled 
with the indifferent colour rendering obtainable was in- 
sufficient to reveal the subtleties of colour and texture which 
for the true appreciation of art is essential. 

During the last decade the research and development 
that has gone into finding the ideal solution to the problem 
of art gallery lighting has been considerable and some good 
results have emerged. One example is the lighting of the 
new air-conditioned rooms in the National Gallery, where 
the artificial lighting has been successfully merged with the 
architectural features. It has been said of this scheme that 
the appearance of these rooms and pictures at night is com- 
parable to daylight. The method empioyed there may well 
set a standard in design for the future. 

Museum lighting has also been the subject of much 
development, especially during recent years, not only to 
keep pace with the increase in illumination that is being 
demanded generally, but because museum authorities now 
appreciate the value of this essential aid to display. Here 
again it was the introduction of a new light source that 
made some of the present-day museum lighting possible. 
Internal lighting of showcases, for example, was not a prac- 
tical proposition until the fluorescent lamp came into being. 
It is now usual for modern showcases to be designed to 
accommodate internal lighting suitable for the particular 
exhibits they are to contain. Even with the comparatively 
cool running of these lamps, heating problems do occur 
though these can now be largely overcome by incorporating 
a ventilation system which does not affect the exhibits. Back- 
ground colours ir showcases play their part in setting off 
a display and can be regarded as a part of the lighting 
scheme. The general lighting of exhibition areas also has 
been vastly improved by the gradual improvement in light 
sources and the lighting fittings to contain them. 


Birmingham Centre 


The second meeting of the Birmingham Centre during 
the present session took place on October 25, when a paper 
on “ Horticultural Lighting” was read by Mr. W. A. Gray, 
of the Agricultural Advisory Section of the Central Elec- 
tricity Authority. The main part of the paper was the 
effect of different light sources on various forms of plant 


life and the uses to which they could be put. Mr. Gray 


described how plants responded to light; and the duration 
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of exposure required for a desired result. He dealt with 
the effects of long nights and short days on plant life anc 
growth, going into the question of colour control and colour 
response, daylight and intensity control, and described the 
effects of blue light and red light on plants. He spoke of 
photo-periodic response which controls the life of the plant 
from beginning to its end, and photosynthesis which con- 
trolled bulk growths. 

Mr. Gray described experiments carried out in Holland 
with pure blue light and blue light with a little red included. 
He said that so far there was no instrument for measuring 
plant response to light, or the amount or intensity of light 
a particular plant might require. He went into the use of 
tungsten lamps where long growth was required. 

A most interesting discussion was opened by Mr. Martin 
Harvey, and in his reply to numerous questions, Mr. Gray 
described effects of light sources on potatoes. apples, lettuces, 
plant group response, and plant forcing rooms. 


Manchester Centre 


On October 17 nearly 100 members and visitors heard 
Mr. F. P. Bentham’s talk on “ The Stage and the Lighting 
Engineer” to the Manchester Centre. 

Mr. Bentham explained the necessity of the compact 
source lamp, but regretted that in his opinion this country 
was lagging behind the United States in the development 
of this type of lamp. It was conceded that there had been 
rapid strides in the development of low brightness discharge 
lamps, low brightness fluorescent lamps and tungsten lamps, 
but none of these covered the needs of the staple equipment 
of stage lighting. 

In discussing stage lanterns Mr. Bentham said that these 
consisted of spotlights with adjustable beams and floodlights, 
the latter usually fitted with hoods to control the cut-off 
and avoid low intensity stray light. Spotlights took three 
forms: (a) Focus lanterns, a simple lens behind which 
was a movable lamp; (b) Fresnel spots with a short focus; 
(c) Profile or mirror spots in which light is collected by a 
mirror and directed through an adjustable gate, the shape 
of which is focused by a lens. 

Colour filters could be used in front of all lanterns, but 
colour should be used with discretion, especially in straight 
drama. Effects should be obtained by the positioning of 
lanterns and directing their beams. 

By a series of coloured slides the principles of lantern 
placing were demonstrated—particularly the need to cross 
the light beams and place the lanterns in a high position. 
Mr. Bentham emphasised that the lighting on stage should 
be directed mainly from the side and towards the opposite 
side of the stage, and a most effective position was at the 
sides of the auditorium with beam centre lines making an 
angle of approximately 45 deg. vertically and horizontally 
with the centre line of the stage. 

Mr. Bentham then demonstrated with coloured slides 
correct and incorrect stage lighting and the correct use of 
spots. By the correct use of spotlights emphasis could be 
directed to the positions required by the action, and the 
time of day (early morning, afternoon, evening and night) 
could be clearly indicated. 

The several deliberately controversial points which Mr. 
Bentham raised led to a lively discussion, which ended only 
when the chairman decided that the meeting must close. 

The annual dinner of the Manchester Centre was held 
on November 6th. The principal guest was the Lord Mayor 
of Manchester who replied to the toast, “ The City and Ports 
of Manchetser ” which was proposed by the chairman of the 
Centre, Mr. P. Corry. Mr. Corry said he thought the City 
of Manchester was important enough on its own without 
the need for associating the ports with it in the toast: if 
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ports had to be included then why not also include other 
services such as the railways—though, he added, a little 
toasting might on occasions be a good thing. 

The toast of the Society was proposed by Mr. R. H. 
Hammans, Chief Engineer of the Granada TV Network. 
In reply, the president, Mr. E. B. Sawyer, spoke of the great 
value of the voluntary efforts of the officers of the various 
Centres and asked all members to do their utmost to increase 
the membership of the Society which he said had much to 
offer those who were concerned with lighting, but who could 
not strictly be said to be in the lighting industry. The toast 
of the Guests was proposed by Mr. H. Punter and the reply 
on behalf of the guests was made by Mr. L. G. Applebee 
who deputised at short notice for Mr. David Scase, Director 
of the Manchester Library Theatre. 


FORTHCOMING EVENTS 


LONDON 


December 10 

Sessional Meeting. “TV Studio Lighting Equipment,” by K. R. 
Ackerman. (At the Federation of British Industries, 21, Tothill 
Street, S.W.1.) 6 p.m. 


CENTRES AND GROUPS 
December 3 


STOKE-ON-TRENT.—"“ The Lighting of Small Factories,” by J. S. 
McCulloch. (At the North Stafford Hotel.) 6 p.m. 


December 4 

EDINBURGH.—“ Acrylic Plastics in Modern Interior Lighting,” 
by P. H. Collins. (At the Y.M.C.A. Social Room, 14, St. Andrew 
Street, Edinburgh.) 6 p.m. 

NEWCASTLE UPON TyNE.—* The Lighting of London Airport,” 
by J. G. Holmes. (At the large Lecture Theatre, Grey Hall, Dept. 
of Electrica! Engineering, King’s College, College Road, New- 
castle upon Tyne, 1.) 6.15 p.m 

SWANSEA.—"* Road Vehicle Lighting,” by K. J. Jones. (At the 
Demonstration Theatre, South Wales Electricity Board, The 
Kingsway, Swansea.) 6.30 p.m. 


December 5 

CAaRDIFF.—‘ Road Vehicle Lighting,” by K. J. Jones. (At the 
Demonstration Theatre, South Wales Electricity Board, The 
Hayes, Cardiff.) 6 p.m. 

GLascow.—" Acrylic Plastics in Modern Interior Lighting,” 
by P. H. Collins. (Joint meeting with A.S.E.E.) (At the Lighting 
Service Bureau of Scotland, 29, St. Vincent Place, Glasgow, C.1.) 
6.30 p.m. 

NoTTINGHAM.— A Feminine Viewpoint on Domestic Lighting,” 
by ‘Mrs. K. Hudson. (At the Demonstration Theatre, East Mid- 
lands Electricity Board, Smithy Row, Nottingham.) 6 p.m. Re- 
freshments 5.30 p.m. 


December 9 

Leeps.—‘ Turning Day into Night—Some Interesting War-time 
Secrets,” by C. H. Wood. (At the Lighting Service Bureau, 24, 
Aire Street, Leeds, 1.) 6.15 pam. Refreshments from 5.30 p.m. 


December 10 

LeEps.—* Commercial and Industrial Lighting,” by J. C. Har- 
court. (At the Yorkshire Electricity Board, Ferensway, Hull.) 
6.30 p.m. Refreshments from 6 p.m. 


December 16 

LiverPooL.—* Lighting and Coal Mining,” by W. E. Mangnall. 
(At the Committee Rooms of the Liverpool Passenger Transport 
Office, 24, Hatton Garden, Liverpool, 3.) 6 p.m. 


December 19 : 

M \NCHESTER.—“ Lighting for Photography,” by R. W. Unwin. 
‘At ‘he Demonstration Theatre, N.W. Electricity Board, Town 
Hali. Manchester, 2.) 6 p.m. Refreshments from 5.30 p.m. 


December 20 
Bi. MINGHAM.—* New Light Sources,” by F. Jackson. (At Regent 
Houe, St. Phillip’s Place, Colmore Row, Birmingham.) 6 p.m. 
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they are published. The addresses given are believed to be 
correct but no guarantee in this respect can be given. 

All articles or papers abstracted are understood to be 
generally available. Unless otherwise stated in the abstract 
the language in which the article or paper is written is 
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Copies of articles or papers cannot be supplied from the 
offices of Light and Lighting. 

Bull. Soc. Frang. Elect. Bulletin de la Société Francaise 
des Electriciens, 8-14, Avenue 
Pierre Larouse, Malakoff 
(Seine), France. 

Bull. Assoc. Suisse Elect. Bulletin de Il’ Association Suisse 


des Electriciens, Seefeldstrasse 
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LIGHT AND LIGHTING 


POSTSCRIPT By ‘ Lumeritas’ 


Ir I had been asked a month ago to guess how many 
there are of public authorities responsible for the lighting 
of our roads my guess could not have been more 
definite than “a large number.” Now, however, guessing 
is unnecessary, for Mr. Granville Berry—who is 
president-elect of the APLE and is also the Coventry 
City Engineer and Surveyor—has said that the number 
is nearly 3,500! No wonder Mr. Berry has made a plea 
for fewer highway lighting authorities because, with so 
many fingers in the pie, it is difficult to achieve that 
uniformity and continuity in lighting that he regards as 
essential for safety on trunk roads. The full cost of 
lighting these “ national” roads should be borne by the 
central Government, said Mr. Berry in a paper recently 
read to the Institution of Highway Engineers. At present, 
only half the installation cost is provided by the Ministry 
of Transport, but there are sections of these roads for 
which local authorities are responsible who cannot afford 
to contribute even half the cost of lighting them. 
Another interesting figure given by Mr. Berry was that 
of the sum spent on trunk road lighting since the war— 
£1,750,000. This may seem a lot of money but it is only 
a small percentage of the total sum wasted on abortive 
national projects during the same period. 


Back in September when the IES of the USA held a 
National Technical Conference in Atlanta, one of 
the most interesting papers presented was that by G. W. 
Clark and R. E. Harz. The authors chose for their title 
“ Foot-candles, Foot-lamberts—What next?” And 
“what next” turned out to be chiefly change or vari- 
ability as a designed feature of lighting. Recalling 
Weston’s paper on “ Visual Fatigue” read at the 1953 
National Technical Conference in New York (and to the 
British IES at the end of the previous year), the authors 
said that “its most challenging aspect from the stand- 
point of the illuminating engineer was that section which 
had to do with visual boredom” and which suggested 
that, where artificial lighting has to be used continuously 
in work spaces, it should not be static but vivified by 
being “suitably variable though constantly adequate.” 
The authors set out to meet this challenge by creating 
an installation which would not only vary the distribu- 
tion of brightness and the working illumination auto- 
matically with a suitable rate of change, but would also 
bring about colour changes as suggested by Strange and 
Hewitt in their 1956 paper on Light and Colour in Daily 
Life (Trans. IES, London. 21, 255). The visible part of 
the installation was a “ translighted ceiling.” Subtle and 
non-distracting changes of colour pattern were produced 
by motorised lighting units above the plastic ceiling and 
supplementary to the main light sources. The illumina- 
tion level was also varied without distraction and obser- 
vation of the behaviour of the room occupants indicated 
that the changes had favourable effects. The illumina- 
tion was adequate at all times, the minimum being 
“40-50 ftc.” and the maximum “100-110 ft.c.” 


The authors did not ignore the question of installa- 
tion cost but reached the conclusion that a “dynamic ” 
system which provides for variable spectral quality 


of the light, variable brightness distribution and variabic 
level of illumination costs about 60 per cent. more than 
a completely static system. They think, however, that 
—say in an office—it may be more rewarding to incur 
this additional cost to obtain “dynamic” lighting rather 
than to incur it in boosting the illumination level with 
“ static” lighting. So do I. 


How inconsistent can people be? Many and loud 
have been the protests against concrete lamp standards 
in streets of a bygone age. Yet there are occupants of con- 
temporary houses who have actually erected old gas 
street lamp standards—converted to take an electric lamp 
—in their front gardens to do duty for “approach ” 
lighting. Do these out-dated lamp-posts and lanterns 
harmonise with houses of contemporary design any better 
than contemporary lamp standards harmonise with 
“period” houses? Is their design so happy that they 
nowhere look incongruous? I do not think so; but 
perhaps contemporary starkness is more acceptable to 
some people if there is coupled with it some relic of the 
past, even if this relic is out of character. Perhaps 
psychiatrists would “explain” this cult as an expression 
of unconscious revolt against a too thorough-going 
rejection of the “traditional” in the formulation of the 
“contemporary,” or as regression to an infantile “ fixa- 
tion”! Be this as it may, it seems that museums are not 
to be the only repositories of those pieces of street furni- 
ture which, in the “ good old days,” frequently lent tem- 
porary support to the “ well-oiled ” reveller in the course 
of discharging their beaconic function ! 


Au of us know what “ dark-adaptation ” means—that 
it is the process by which our eyes become increasingly 
sensitive to light (though not increasingly acute) as the 
level of illumination diminishes. When the process is 
complete we are able to see—after a fashion—in a light 
much more feeble than the light-adapted eyes require. 
It takes about an hour for the eyes to become completely 
dark-adapted, but this does not mean that we can then 
see in complete darkness—even the cat, who is said to 
be able to “see in the dark,” cannot do this. What it 
means is that we have to be in a dark environment for 
about an hour before the eyes become as sensitive to light 
as they ever will be, and then we can see crudely with 
astonishingly little light. Now, apropos dark-adaptation, 
it seems such a far cry from eyes to lettuce seeds that 
you may well doubt whether it is not more rational to 
“talk of cabbages and kings” than to couple such 
different things. Yet it appears, from some radio garden- 
ing hints to which I listened recently, that, in a manner 
of speaking, lettuce seeds can be said to undergo a kind 
of dark-adaptation. Not that the process enables them 
to “see” in dim light, but, apparently, it does enable 
them to germinate with very little light. What was said 
was that new seeds require a fair amount of light for 
germination, but old seeds, e.g., those kept for two-three 
years, generally in a dark place, will germinate success- 
fully with much less light. This may be well known (0 
gardening enthusiasts, but it was news to me. 
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ANOTHER brilliant new idea in architectural lighting 








Decorative effect and efficiency combine 
in the LUMENATOR MODULE CEILING 


Decorative lighting is also highly efficient built up from moulded plastic trays based on 
lighting with Lumenator Modules. This en- standard 2 ft. square modules in a specially 
tirely new system, engineered and developed designed aluminium track. These units can 
by Lumenated Ceilings Limited, provides be arranged in a variety of designs to suit any 
illumination free of shadow, glare and ‘ high- type of construction, and their appearance is 
spots’. The Lumenator Module Ceiling is equally attractive whether the light is on or off. 









— A a uw 











62 A demonstration installation of the new Lumenator Module lighting system, produced by Lumenated C. eilings Ltd., 
using plain acrylic plastics diffusers. Some of the decorative vinyl plastics diffusers can be seen at the top of the picture. 


New designs with economy. The Lumenator Module Ceiling favourably with other forms of lighting. It can be fitted to 
is easy to instal and maintain, and its cost compares most your own design in any area where special lighting is needed. 


Individual recommendations will gladly be made on request. 


*"|LUMENATED CEILINGS LIMITED 


Patent No, 756089 
—_— ~ 4 ram —_————_ —_—~ 


ALLIANCE HOUSE, CAXTON STREET, SWI. TELEPHONE: ABBEY 7113 















10 BO HWELL STREET, GLASGOW, C.2. CENTRAL 6571/2 Registered Offices: THERMOTANK LTD., 150 HELEN STREET, GLASGOW, S.W.1 


TGA MI 








LIGHT AND LIGHTIN.; 





















A free replacement will be given for any standard straight 
Osram tube which fails under normal service conditions 
before 3,000 hours or one year of use, whichever is 

the shorter. 


This guarantee covers all Osram Tubes from 
li ft—8 ft, 15 w—125 w. 







Unique manufacturing processes are used in 
making Osram guaranteed tubes. These techniques 
are designed to eliminate early failures and 

ensure superb maintenance of lighting efficiency 
throughout a long life. 


&, r oa Guaranteed Tubes 
for trouble-free lighting 





THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.? 
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FIELD 


SPOT- ON 


FLUORESCENT 
FITTING 







INCORPORATING A 4-FT 40-WATT GEARLESS 
FLUORESCENT LAMP AND A 75-WATT SPOTLIGHT 
BALLAST LAMP IN A SWIVELLING ADJUSTABLE 
HOUSING. SINGLE POINT SUSPENSION. 
COMPLETE WITH LAMPS 


CLIP-ON DIFFUSER — ae ri =e Ij j Bt — £4-6-0 Plus P.T. 18/7 


IN CLEAR SPARKLING 
POLYSTYRENE 


£2-4-6 Plus P.T. 10/1 


H. W. FIELD & SON LTD., HAROLD WOOD, 
ESSEX. 


TELEPHONE INGREBOURNE 3000 TELEGRAMS, FIELDSON, ROMFORD 
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TRAN «STAR 


LIGHTING 
CONTROL UNITS 


REGD. TRADE MARK 


PIONEER OF ALL 
SELF-CONTAINED 
INSTANT-START 
BALLASTS 











DESIGNED 
TO ENSURE 
FULL LAMP LIFE 
HIGH LUMEN OUTPUT 
SILENT OPERATION 


FITTED WITH HIGH-TEMPERATURE RESISTING CAPACITORS 
AND 


GUARANTEED FOR 3 YEARS 


anufacturers 


IND CTIVE APPLIANCES LTD. ST. NICHOLAS ST., 


Tel. & sweastle 27069 


NEWCASTLE UPON TYNE 


Works Tel. Hebburn 32221 








LIGHT AND LIGHTIN: 


A reminder 


For many years the consistent quality of Mazda Fluorescent Tubes 
has made it possible to guarantee their life and efficiency. 

All straight Mazda Tubes from 15w. to 125w. have been guaranteed 
for one year or 3,000 hours of use—whichever was the shorter— 


at the high lumen output published in our Lamp Catalogue. 













1 nga prance ercemnens LAR HE OPE, 
eetone’ io acne : 
7” hasta Praceesaest Paaes may Benge 


Ty. remind purchasers of this, every straight 
Mazda Tube is now being stamped with the 


guarantee certificate shown above. 


Make sure you always ask for 
and obtain Mazda Lamps 


bamyod diy brighttr Linger 
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A.E.1, LAMP AND LIGHTING COMPANY LIMITED 


Publicity Department, 18 Bedford Square, London W.C.1 


4721 
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CROMPTON ‘MODULUME’ CEILINGS 
developed in association with 


if G MH Bi The Wakefield Company of America 


ro Oo a O U R offer abundant scope 

: for design 

Ss PAC E INSTALLED BY ONE TRADE 
VARIETY | | AND SIMPLY SERVICED 


Information from Crompton Parkinson Ltd. 


Crompton House, Aldwych, London, W.C.2 Tel: Chancery 3333 











FUNCTIONAL is the word 





EVERYMAN FITTINGS are designed for the job, 
they are sensible fittings at sensible prices. 


Distribution through your wholesaler, 





details from the makers 


WATERTIGHT FITTINGS LTD., Sales Dept., Newbold Road, Chesterfield. 
Telephone : Chesterfield 2528 
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CIRCULAR LAMPS AVAILABLE a sg 
in Peach, Daylight, White, # a FOR SPOT LIGHTS 
Warm White, Natural 4 DESK LAMPS 
a E DISPLAY LIGHTING, ETC. 
Incorporating the finest — ASK FOR PUBLICATION 16 


control gear available 


LIST PRICE £4 e | ° é LESS LAMP. 


Subject to usual trade discount 
ROBBINS & BRADLEY LTD. 
SCEMCO, 7/10 TENNANT ST. BIRMINGHAM IS 
SCEMCO HOUSE, 53 GREAT EASTERN STREET, | MIDLAND 2353/4/5 
LONDON, E.C.2 
Telephone: BlShopsgate 1319 








The IES Code for Lighting in Buildings 
is a set of rules and recommendations for good interior lighting for 
the guidance of users and those who are professionally concerned 


with lighting practice. Every architect, consulting engineer and 
lighting engineer should have a copy. 


Copies price 5/- each from: 
THE ILLUMINATING ENGINEERING SOCIETY 
32, Victoria Street, London, S.W.1 
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York station has new 
modern lighting with 
‘Perspex’ fittings 


: P RAILWAY Station at York, one of the busiest in the North 

Eastern Region, has recently been relighted using cold cathode 
fluorescent lamps housed in fittings made from Opal ‘Perspex’ 
acrylic sheet. 

Railway station fittings are exposed to the weather and to the ‘ Perspex’ lighting fittings made by Ionlite Ltd., 
highly corrosive fumes from engines and here the excellent for British Railways, N.E. region, at York Station. 
resistance of ‘Perspex’ to chemical attack is of particular value. 

Advantage is taken in these fittings of the good mechanical Applied ‘Perspex’ letters ensure permanence 
properties of ‘Perspex’ to secure an effective seal against the of lettering— another contribution to these 
entry of dirt, so reducing maintenance to a minimum. trouble-free fittings for the future. 


aD we) Pie Ou 
“-PERSPE- Today -ftor tomorrow 


‘Perspex’ is the registered trade mark for the acrylic sheet made by I.C.I. 


IM: ERIAL CHEMICAL INDUSTRIES LIMITED - LONDON :- S.W.1. 
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TWO-WAY 
ACORN 
SERIES 


Send for details EKCO 


HAILWOOD & ACKROYD ....... | -. 


NORTHER 
LOWNDES STREET, LONDON, MIDLAND 


Telephone: Sloane 0471-2 
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with modern industry 


EKCO industrial fluorescent fittings are designed by experts who 

know intimately the lighting needs of industry today. 

They know that productivity increases when machine and assembly shops 
are efficiently lighted. That is why it pays to install EKCO industrial lighting— 
for efficient illumination and economical operation. 

















Practical designs for easy maintenance 
Quick-clean metal, perspex or P.V.C. reflectors 
Quick-release and attachment of reflectors 
High quality workmanship and materials 
Individual packs for easy stocking and storage 


HAVE YOU A LIGHTING PROBLEM? 


Then the EKCO Lighting Advisory Service is available to 


help you. There is an office in your vicinity. So ask us to 


> >t >t >t > 


send a qualified lighting engineer to discuss your problem with 





you. There is no obligation and the service is entirely free. 


Industrial Lighting by 


Write for your copy of the EKCO lighting catalogue. 





EKCO-ENSIGN ELECTRIC LTD., 4; essex sTREET, STRAND, LONDON, W.C.2. Tel: CITY 8951 


SALES OFFICES, ILLUMINATING ENGINEERING DEPTS., SHOWROOMS AND DEPOTS. 


SOUTHERN: 45 Essex Street, London, W.C.2. Tel: City 8951 E. MIDLANDS: 27 High Pavement, Nottingham. Tel: N’ham 53183/4 
NORTHERN: Blackett St., Fairfield St., Manchester 12. Tel: Ardwick 4661 | SCOTTISH : 26 India Street, Glasgow, C.2. Tel: Central 2012 
MIDLANDS: 68 Caroline Street, Birmingham 3. Tel: Central 2997 | SOUTH WALES: so Bridge Street, Cardiff. Tel: Cardiff 33803/4 
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LILY lights the 


—to increased production. Good lighting is an 
essential tool in any industry—the planning 
of it a job for experts. Today industrialists rely 
on the experience and advice of Benjamin as 
they have done for the last half century. 
Consult Benjamin and let them put your workers 
on a full-time basis. 
rei Complet 


lighting 
Time § 


B et ter : Benjamin Flurolier Fittings 


Used single or in continuous runs they 


have proved their worth in factories 


g g ————_— = ee = i, throughout the world. This is just one Midnigh 


of the vast range of reflectors specially _ 
designed for a specific application by lighting 


| Benjamin. switch O 
A full 
Switches 


BEN7AMIN 2 


facturing 
reliabilit 








service. 


Please write for full details to: 
THE BENJAMIN ELECTRIC LIMITED - TOTTENHAM - LONDON Nl? 


Telephone: TOTtenham 5252 (5 lines) Telegrams: “Benjalect, Southtot, London” 


BIRMINGHAM: 5 Corporation Street, Birmingham 2. Tel. MIDland 5197 LEEDS: 49 Basinghall Street, Leeds 1. Tel. LEEDS 25579 
Smee's 103 
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by Designers 
for Designers 


These fittings are specially made for Gymnasium and 
Assembly Hall lighting and are made entirely of 
metal and finished in best quality stoved white 
enamel. The exterior of the reflector is available 
also finished in any specified B.S.S. colour. 


Considerable numbers of these fittings have been 
installed in various schools throughout the country. 


MANUFACTURED AND GUARANTEED BY 


eee eae 


TELEPHONE: BYRON 3273-5. 





Cat. No. C354. 16” dia. x 7?” deep with concentric louvre hinged 
for security and to render easy access to the interior for cleaning 
and re-lamping. The Rockbestos wiring and lamp connections are 
housed in a special pattress and the whole fitting is so well 
ventilated that failure of lamps and connections due to heat is 
entirely eliminated. Each fitting has three BC lamp holders fixed 
and wired to hold 3-!00w. lamps in the vertical position. 


The reflectors may be pattern pierced as illustrated or slotted 
for ceiling illumination if so desired. 


The list price of £8. 12s. Od. is extremely competitive for an 
exceptionally well made and efficient lighting fitting. 


S.L.R. ELECTRIC LTD. 


| WELBECK WORKS, WELBECK ROAD, 














Complete automatic control of street 
lighting is achieved with Horstmann 
Time Switches. The switches can be 
set to light up the circuit at a given 





time, reduce main lighting at or about 
Midnight when traffic is less and full 
lighting is not essential, and finally to 
switch OFF at dawn. 

A full range of HORSTMANN Time 
Switches is available to meet all the 
demands of Public Lighting control, 





and 50 years of design and manu- 
facturing experience ensure unfailing 
reliability under varying conditions of 
service. 


A section of the lighting scheme installed at 


Crawley, controlled by Horstmann Time 





a light on time... 


eae HORST MANN TIME SWITCHES 


THE HORSTMANN GEAR CO. LTD., NEWBRIDGE WORKS, BATH, SOMERSET 
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Phoiographs by courtesy of 


Switches. 


SOUTH HARROW, MIDDLESEX. 





Crawley Development Corporation. 
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FOR MAIN ROADS 
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one superb 
design 
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FOR URBAN ESTATES FOR TREE-LINED ROADS 
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Here at last is an all-purpose design for outdoor lighting that is both practical and elegant. The original lantern 
was chosen for lighting the new oil town of Kuwait in competition with British and foreign manufacturers. 
This successful design forms the basis of the Kuwait Unitary System which provides for every category of 
lighting from civic centres and main roads down to secondary roads and housing estates. The system is com- 
pletely flexible and employs a high proportion of standardised and interchangeable parts and fittings. It makes 
possible completely harmonised lighting schemes on any scale; it covers every size and arrangement of outdoor 
lighting, and it allows for modification to suit changing conditions. 

Maintenance is simple and there is no need to carry a wide variety of spares and replacements. The Kuwait 
Range has been approved by the Council of Industrial Design for inclusion in Design Review and is already 
widely used in the United Kingdom and overseas. If you would like complete information about the Kuwait 
Unitary System, write for leaflet F.27 or get in touch with your local Siemens Ediswan lighting engineer for 


advice—nvw obligation. 


EDiswAN 


Regd. Design No’s 875686, 878142 


the KUWAIT UNITARY SYSTEM 


SIEMENS EDISON SWAN LTD. : AN A.E.I. COMPANY 


38/39 UPPER THAMES STREET, E.C.4 
and at Woolwich. District Offices and Branches throughout the country. 


LAMPS & LIGHTING DIVISION 


\ 
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Yes, when you're thinking 


of lighting there are many reasons for 


MADE IN HOLLAND 


specifying Philips ‘‘Gear-less”’ 


Philips * Avon’ 


FOR INSTANCE... fitting A.6200 


I. It’s the lowest-priced fluorescent light 
circuit. 


2. It consists only of a fluorescent tube and 
a tungsten lamp in series. 


3. It needs no choke, no starter, no P.F. 
capacitor, no transformer. 


4. Consequently it is amazingly light in 
weight, which means you can use it 
where fluorescent has hitherto been out 
of the question. 

5. It gives excellent colour rendering. 


6. It’s simple to install. 


7. It’s easy to maintain. 
8. Simple starting. 
9. It’s noiseless in operation. 
10. Fluorescent tube and tungsten ballast 
lamp can be mounted together — or 
separately. 


11. Fluorescent lamps available in five 
colours. 


12. Tungsten ballast lamps made in 3 types 
— opal, bowl-silvered and spotlight 
reflector. 


PHILIPS Lighting Publication No. A.169 will tell you all about 
‘Gear-less’ fluorescent. Write for it today! 


we 


@ PHILIPS ‘GEAR-LESS’ 


FLUORESCENT LIGHTING 


PHILIPS ELECTRICAL LTD « LIGHTING DIVISION « CENTURY HOUSE « SHAFTESBURY AVE « LONDON « W.C.2. 


(LD1094) 
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In town or country, wherever you are, 


NEWCASTLE TYNE BRIDGE AND HIGH LEVEL BRIDGE 

CRYSELCO'S national coverage ensures for you the best quality and prompt service for all your lamp 

and fittings requirements. There are branches waiting to serve you in fourteen towns and cities. Please 
write or telephone. 


SIXTY YEARS OF QUALITY AND _ SERVICE 


CREO Oa 
OR ALL PURPOSES 














OUR ILLUMINATING ENGINEERING DEPARTMENT 

IS AVAILABLE TO GIVE CUSTOMERS PROMPT HELP AND SERVICE ‘0 Ns 
€.1. 9 

y dation * 

* CRYSELCO: 


CARDIFF - GLASGOW - LEEDS 


BURY ST EDMUNDS - 
NOTTINGHAM - SOUTHAMPTON 
BEDFORD 





Geandhes -emen - ware. - 
. MANCHESTER - NEWCASTLE - 


CRYSELCO LIMITED KEMPSTON WORKS 
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The Largest 


and most experienced 





designers and 





manufacturers of 
Road Signs 


and equipment 















a COMPANY 


yx Road Traffic Signs, all finishes y Illuminated Guardposts 
yr Tubular Steel Posts/Columns y¥ Lighting Columns 
xx Direction Arms y Approach and Route Direction Signs + Street Name-—plates 
xx Beacon Globes, Plastic + Steel Road Studs, Lines and Letters 
xx Letters and Arrows—Plain or Reflex yx Cast Iron Isiand Sites 
yxy External Lighting Fittings 4 Portable Signs  y ‘‘Duopark’’ Parking Meters 
xx ‘‘Permaposts’’ P.V.C. sleeving for posts y+ Reflective Surface Signs 











Head Office & Works: Rood End Road, Oldbury, Birmingham Phone: BROadwell 2291-2 
London Office & Showrooms: Lamb's Conduit Passage, Red Lion Square, London, W.C.I. 
Phone: CHAncery 7042 & 7845 
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cuT @aUver sHAD 


Cover our entire ceilings with 


BEBECOQPLZAaAS Lighting Lowre 















* The only plastic lowre 
fitted with the perfect 


interlock corners 


Ask your Lighting Engineer or Shopfitter to 
send you details of this latest PLASTIC 
LOUVRE Grille. Available in any size or 
shape for shop windows; lighting fitting 
and display units in standard opal. 


ELCO PLASTICS LTD 


DESBOROUGH PARK ROAD HIGH WYCOMBE BUCKS 
TELEPHONE: HIGH WYCOMBE 1921/2 








CONTROL GEAR OF PROVED RELIABILITY 










THOUSANDS 
UPON 
THOUSANDS 

IN 
EVERYDAY USE 
THROUGHOUT 
THE 
WORLD. 





MANUFACTURERS 

OF LIGHTING FITTINGS 

AND MACHINES USING 

DISCHARGE LAMPS 

ARE INVITED TO SEND 
FOR 


STANDARDIZED BY DETAILED CATALOGUE 


LEADING MANUFAC- 
TURERS FOR EVERY 
DISCHARGE LAMP 
FROM 
6W. to 3,000 W. 
INCLUDING 
SPECIALISTS’ TYPES 


CAYSON 
ELECTRICS LTD. 


Lendon Office: ANGEL HOUSE, ANGEL N1 (TERmins 0566) W A T F 0 R Wy 
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LONDONS FAMOUS SHOPPING CENTRE 
lighted by 











The General Electric Co. Ltd. were awarded this contract for the supply and 
erection of all the equipment and completed the installation, in collaboration 
A.W. HOGG, Esq., B.Sc., A.M.I.C.E., M.I.Mun.E., with the London Electricity Board, in time for the switch-on. 





City Engineer and Surveyor, 


This scheme for the City of Westminster which extends from Oxford Circus to 
Se st Same. Piccadilly Circus uses G.E.C. “Four-Eighty” lanterns each equipped with 
four § ft. 80 watt instant start Osram Warm White fluorescent tubes. The 
lanterns are mounted on steel columns fitted with ornamental cast iron bases 
specially designed for the City Council. Special post top “ Four-Forty” 
fluorescent lanterns are used on the centre islands. 








TH! GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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1 WARDLE 
LANTERNS 


the difference between 
average and optimum 
lighting ... 












Since the first days of sodium street 
lighting Wardle lanterns have been 
used in many major installations. 
Over forty years’ experience in 
public lighting is embodied in the 
manufacture and design of the 
‘Atholl’ which will give you many 
years of trouble-free service and 
better than average illumination 
for lower overall'costs . . . 














WARDLE “ ATHOLL” 
for Group “A”’ lighting 


e For 85/140w sodium lamps. 


e Lamp operating control gear may be 
housed in lantern. 


e@ Cast aluminium alloy body and bowl 
ring. 





e@ ‘*Perspex’’ bowl refractor with smooth 
surfaces for easy cleaning. 


@ Resilient gaskets fitted for positive 
sealing against damp and dirt. 


Stove enamelled: white inside, alum- 
inium outside. 


THE WARDLE ENGINEERING CO. LTD. 


OLD TRAFFORD, MANCHESTER, 16 


Tel: TRAfford Park 1801 (3 lines) 
London Office : 34 Victoria Street, S.W.1. 


Tel : ABBey 4072 and 1356 
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PRESTRESSED 
SPUN CONCRETE LIGHTING COLUMNS 


. ed by 
designs approv 
i of a wide range of ee ‘A’ Columns are 
—— . ery ae Design. All “ee trunk reads. 
Ne hab teeny ae 
acceptable 


cKinne Esq. B.Sc. A.M.1.C.E., A.M.1.Mun.E., 
Ys 5 5 
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MAIN PRODUCTs 
PIG IRON 
FOUNDRY 
REFINED 
CAST iRow 
PIPES AND sPEciay CASTINGs 
GENERAL Castings 
TUNNEL SEGMENTS 
SLAG 
TREATED; Dry 
HOT AND co, 
COKE Oven py. 













D ASPHALT 
PRODUCTS 






CONCRETE 
PIPES AND MANHOLEs 










GENERAL PURPOSE SHEDs 
PRESTRESSED CONCRETE 
PRESSURE PIPES 
LIGHTING COLUMNs 
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The present Lighting Service Bureau for the Mid-East England Area was officially opened by the Lord Mayor of Leeds in September, 
1949. It serves a part of the country in which the manufacture of textiles is dominant and can take credit for many improvements in 
the lighting of that industry. The photograph shows part of the lecture theatre, with mannequins and fabrics, on the Occasion of a 
visit from the press. 


Lighting Service 


Artificial light daily becomes more indispensable to our way of life and its uses more varied. 

For over thirty years the Lighting Service Bureau, from its headquarters in London and through 
its area offices, has done much to improve lighting conditions throughout the British Isles. 

With the knowledge it has gained through the years, it has attained an unassailable position as 
a source of inspiration and advice for all those interested in or concerned with electric lighting. 
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